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tvary  entity,  whether  public  or  private,  la  confronted  with  the  econonlc  problem 
it  wishes  to  acconpllsh  Wore  objectives  than  ite  resources  will  permit,  this 
problem  requires  that  two  fundamental  economic  questions  be  answered t  (1)  what 
objectives  should  be  pursued,  and  (2)  how  should  these  objectives  be  accomplished . 
In  general,  the  answer  to  the  first  question  is  that  an  objective  should  bs 
undertaken  only  whan  the  value  to  be  derived  from  undertaking  it  equals  or  escesds 
what  oust  be  foregone  to  achieve  it — its  cost.  The  gensral  answer  to  the  second 
question  is  that  each  objective  undertaken  should  be  accomplished  for  the  least 
amount  of  resources  possible — or  for  the  lowest  cost. 


-Economic  analysis  provides  a  systematic  approach  to  answering  the  economic 
questions.  This  Handbook  presents  methodology  for  applying  economic  analysis 
to  problems  commonly  encounter ad  by  the  Federal  Aviation  Administration. 
Techniques  are  developed  for  measuring  such  benefits  sa  improved  eafety,  delay 
reductions,  cost  savings  as  well  as  others.  Cost  estimation  methodology  is  also 
presented. 
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CHAPTER  1 


INTRODUCTION 


1.  Purpose  Of  Economic  Analysis 

Two  aajor  Federal  Aviation  Administration  (FAA)  prograas  are t  (1)  provision 
of  air  traffic  navigation  and  control  aervlcaa  to  the  flying  public,  and 
(2)  establishment  and  enforcement  of  regulations  to  ensure  safe  and 
efficient  operation  of  the  national  aviation  syataa  (NAS).  Prog ran s  under 
the  first  category  Involve  the  construction,  naintenance,  and  operation  of 
the  NAS.  These  programs  require  the  FAA  to  make  aajor  decisions  regarding 
the  allocation  of  public  and  private  resources.  Such  decisions  involve 
systea  acquisitions  to  provide  new  services,  extend  already  provided 
services  to  new  locations,  and  lap  rove  internal  operating  efficiency. 
Efficiently  asking  these  decisions  Is  a  aajor  task  of  FAA  management. 

Prograas  under  the  second  category  encompass  the  asking  and  enforcement  of 
rules,  regulations,  and  alnlaua  standards  pertaining  to  the  manufacture, 
operation,  and  maintenance  of  civil  aircraft.  These  activities  Include  the 
certification  of  now  aircraft,  oversight  of  the  existing  fleet  regarding 
naintenance  and  operating  problems,  and  certification  of  pilots,  aechanlcs, 
and  others  with  respect  to  proficiency  and  aedlcal  fitness.  Many  of  these 
regulatory  activities  lapose  substantial  costs  In  that  they  mandate  the 
allocation  of  private  resources  to  specific  uses.  Efficient  regulations 
require  thst  these  costs  be  carefully  weighed  against  the  benefits  they  are 
expected  to  achieve. 
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The  problem  of  resource  allocation  confront a  both  agency  nanagara  and 
ragulatora.  Tha  purpoaa  of  economic  analyala  ia  to  provide  auch 
decisionmakers  with  a  systematic  approach  to  making  raaourc*  allocation 
daelalona  loading  to  tha  undertaking  of  appropriate  objective  in  a  laaat 
coat  manner.  Such  analyala  la  epeclflcally  undated  with  reapect  to  both 
Investments  and  regulatory  actiou  by  Executive  Orders,  Office  of 
Management  and  Budget  Circular#,  DOT  Orders,  and  FAA  Orders.  (Bee 
Appendix  A  for  an  annotated  llet  of  relevant  docuunts.)  This  handbook 
provides  a  guide  to  this  process. 

The  Economic  Questions 

Every  entity  la  confronted  with  the  econoalc  problem  it  wishes  to 
accomplish  aore  objectives  than  its  resources  will  permit.  Economics, 
narrowly  defined.  Is  the  study  and  analysis  of  how  entitles  uy  maximize 
the  attainment  of  their  objectives  subject  to  the  limited  resources 
svailshle  to  be  utilized  in  pursuing  these  objectives.  This  involves  the 
simultaneous  answering  of  two  fundamental  questions: 

1)  Which  objectives  ehould  be  pureuedT 

2)  low  should  these  objectives  be  ecconpllshedT 

In  general,  the  answer  to  the  first  question  is  that  an  objective  should  be 
unde rta ban  only  when  the  value  to  be  derived  from  achieving  it  equals  or 
exceeds  dnt  must  be  foregone  to  achieve  it— -its  coat.  The  general  answer 
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to  the  second  question  Is  chat  each  objcetlw  mdartikn  ahould  be 


•eesaplliM  for  the  luit  Mount  of  resources  poMlblo — or  for  tho  low  at 
coot*  Thla  will  assure  that  tho  greatest  number  of  objectives  can  ba 
achieved  for  tha  aval labia  raaoureoa* 

Xa  tha  privets  sac tor,  oconoalc  analysis  can  halp  provide  anawara  to  these 
qua at Iona*  Narkat  raaaarch  can  naka  declsloneakars  a vara  of  vhat  good a  am) 
aarvlcaa  conauwara  wish  prodnead*  Operations  research  and  cost  accounting 
nsthods  can  halp  assure  that  production  Is  achieved  at  the  lowest  cost 
possible*  Market  forces  will  also  old  daclaloraaa kora  la  answering  these 
questions  before  goods  end  services  are  produced*  *y  producing  only  those 
goods  and  services  which  consuesrs  are  expected  to  buy.  tha  question  of 
what  to  produce  la  answered*  In'  the  quest  to  expand  sales  and  Increase 
profits,  tha  lowest  cost  nethods  of  production  will  be  sought  out.  Market 
forces  will  also  cone  to  bear  after  production  has  occurred*  Those  who 
answered  the  oconoalc  questions  correctly  will  be  rewarded.  Thoee  who 
ensue  red  than  incorrectly  will  be  penalised.  And  those  who  answered  than 
Incorrectly  and  whs  continue  to  answer  than  Incorrectly  will  ba  driven  out 
of  business*  Thus,  la  the  private  sector  correct  answers  to  the  oconoalc 
questions  will  occur*  ^ 


J7  Mils,  of Bourse,  assunes  that  the  private  sector  aarfcate  ate 

approxlnetely  competitive  and  that  externalities— lap sets  on  parties 
ether  then  buyers  or  sellers— are  not  a  significant  consideration* 
Where  the  actual  situation  does  not  spprerlnate  ecnpetltlon  and/or 
externalities  exist,  the  correct  answer  to  tbs  economic  questions  will 
not  necessarily  occur* 


Za  eh*  public  sector,  the  situation  li  wanhat  different.  Few 
govern— ntelly  produced  goods  end  services  ere  eold  in  the  aarkatplace.  Of 
thoee  that  are  eoldt  the  price  la  often  arbitrary  and  doee  not  reflect  the 
coat  of  providing  the  good  or  service.  Accordingly,  in  the  a boa nee  of 
aarket  forces,  there  la  no  eeeurance  that  production  la  carried  out  at  the 
loweat  coat  possible.  As  a  result  of  the  lack  of  aarket  direction  in 
answering  the  econealc  questions,  these  answers  can  bo  provided  only  by 
econoaic  analysis*  Such  analysis  will  indicate  what  goods  are  worth 
producing  and  how  they  can  be  produced  as  cheaply  as  poaelblo* 

A  second  difference  between  the  private  and  public  eector  is  that  consuaars 
of  privately  produced  goods  and  services  usually  pay  for  thea  thea selves, 
whareaa  consuaars  of  publicly  produced  gooda  and  services  usually  do  not* 
This  factor  does  not  affect  the  need  to  answer  the  econoaic  questions 
correctly,  asgardless  of  who  pays  for  a  good  or  service,  it  should  be 
produced  only  where  the  value  placed  upon  it  by  its  consuaars  equals  or 
one soda  the  cost  of  producing  it.  Where  value  exceeds  production  cost,  the 
aggregate  walae  of  all  production  will  increase  because  note  value  will  be 
generated  by  the  good  or  service  to  be  produced  than  aust  ha  given  up  to 
produce  it*  tech  cases  will  have  the  characteristic  that  consuaars  of  the 
good  or  service  which  was  paid  for  by  soaaons  sins  would  be  able,  if 
required,  to  reiahurse  ccapletely  those  who  paid  for  it  and  still  be  better 
off  then  before,  tiailarly,  who  receives  a  governasntally  produced  good  or 
service  and  who  pays  for  it  does  not  change  tbs  reqwiraasnt  that  production 
bo  accoaplisbed  at  the  lowest  possible  cost.  Tbs  aore  afficisatly  inputs 
are  traaefotaod  Into  oat puts,  the  aore  outputs  that  caa  bo  produced. 
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Omani  aat  Ion 

Tbo  remainder  of  this  handbook  eoatr'M  six  ebaptin  and  throe 
appendices.  As  overview  of  acoaonlc  ana ly ala  ood  the  procedures  required 
to  evaluate  Investments  and  regulatloea  ia  cootalaed  la  Chapter  2. 

Chapter a  3  aad  4  provide  the  conceptual  f renown rk  for  aeaeurlat  and 
valuing  baaaflte  aad  coeta.  They  alao  preaeat  practical  guidance  for 
eetlaatlag  be oolite  aad  coata  la  altuatloaa  which  are  typical  of  FAA 
laveatnenta  aad  regulatloaa.  Multi-period  ecoooalc  decision  criteria  are 
developed  ia  Chapter  S.  Topics  lacluded  are  why  diecountlag  auet  be  need 
to  coopare  beaeflta  or  coats  occurrlag  la  dlffareat  future  tine  periods, 
how  to  use  discounting,  and  hew  to  wake  decisions  between  alternatives 
which  extend  ever  a  non bar  of  tine  periods.  Chapter  6  deals  with 
sensitivity  analysis.  It  presents  techniques  to  aid  decieloiaakers  la 
selecting  between  alternatives  under  conditions  of  risk  aad  uncertainty. 
Techniques  for  neasurlng  price  level  changes  for  specific  goods  or 
services  aa  well  as  for  tha  general  price  level  are  contained  la 
Chapter  7.  This  chapter  alao  seta  out  the  appropriate  treatnent  for 
Inflation  la  benefit-coat  analyses* 

Appendix  A  contains  a  Hating,  acconpanled  by  a  brief  explanation,  of  the 
Kxecutive  Orders,  Office  of  Managenent  and  ludget  Circulars,  DOT  Orders, 
aad  FAA  Orders  which  docunent  tha  requirement  for  economic  analysis. 
Appendix  B  briefly  euanarlsee  Bcononlc  Fainas  for  I valuation  of  Federal 
Aviation  Adalnlatratlon  Investment  and  Banulatory  Fronrana.  Zt  contains 


MtliatM  for  critical  values — inch  u  eh*  nlw  of  i  ototlotlcol  ltfo. 


tbo  value  of  passenger  tlae,  aad  tbs  operating  coat  of  various 
aircraft — which  an  required  for  economic  analysis*  Finally,  Appendix  C 
contalna  tablet  of  factors  uaeful  la  asking  the  prsaent  value 
calculatioae  detailed  la  Chapter  5. 
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CHAPTER  2 


ECONOMIC  ANALYSIS — AH  OVERVIEW 


1*  Ctotrtl  Type*  of  Economic  Analysis 

The  tern  economic  analysis  is  a  broad  one.  It  encompasses  a  spectrum  of 
topics  including  economy-wide  analysis,  regional  studies,  aarket  structure 
investigations,  and  analysis  of  specific  decisions.  It  is  this  last  topic, 
as  applied  to  FAA  lnveataent  and  regulatory  decisions,  that  is  the  topic  of 
this  handbook.  Such  applications  usually  concern  the  addition  or 
subtraction  of  a  particular  investaent  or  regulation  to  the  existing  systea 
or  body  of  regulations — denoted  as  aarglnal  or  increaental  analysis.  For 
the  aost  part,  the  aethodology  outlined  is  also  applicable  to  the 
evaluation  of  a  systea  in  total  or  a  body  of  regulations. 

Econoalc  analysis  of  lnveataent  and  regulatory  decisions  aeeks  to  provide 
answers  to  two  econoalc  questions:  (1)  is  a  particular  objective  worth 
achieving,  and  (2)  which  of  several  alternative  aethods  of  achieving  an 
objective  is  '•»st?  Two  general  procedures  are  eaployed  to  answer  the 
questions.  The  first,  cost  effectiveness  analysis,  assuaes  that  the  first 
econoalc  question  has  been  answered  in  the  affirmative  and  concentrates  on 
providing  an  answer  to  the  second  question  of  which  alternative  is  best. 

The  second,  benefit-cost  analysis,  seeks  to  answer  both  questions.  While 
benefit-cost  analysis  is  sore  coaplete  than  cost-effectiveness  analysis, 
studies  are  often  Halted  to  the  latter  because  of  an  inability  to  aeasure 
benefits  in  dollars. 
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A.  Cost-Effectiveness  Analysis 

There  are  two  types  of  cost-effectiveness  analysis:  (1)  least  cost 
studies,  and  (2)  constant  cost  studies.  Least  cost  studies  are  appropriate 
where  the  level  of  effort  is  undetermined  and  relatively  unconstrained  but 
the  level  of  output/benef its  is  fixed.  The  procedure  concentrates  on 
identifying  the  least  expensive  way  of  producing  a  given  amount  of  a 
certain  output.  The  analysis  typically  begins  with  a  statement  of  a 
required  objective.  Alternative  methods  of  achieving  the  requirements  are 
then  defined.  Costs  are  estimated  for  each  alternative  and  the  least  cost 
alternative  Identified. 

Least  cost  studies  sre  frequently  undertaken  when  the  decision  has  already 
been  made  to  produce  a  given  amount  of  the  output  in  question.  Examples  of 
such  situations  sre  when  s  requirement  for  the  output  is  established  by 
administrative  or  legislative  direction,  when  the  output  Is  required  to 
support  another  program  which  Is  required,  or  when  deciding  whether  or  not 
to  replace  existing  equipment  with  new,  cheaper-to'operate  equipment  which 
produces  the  same  output.  In  all  such  situations,  the  analysis  is  confined 
to  answering  the  question  of  how  to  produce. 

Constant-cost  studies  are  appropriate  in  situations  where  the  level  of 
output /benefits  is  undefined  but  the  budget/resources  available  are  fixed. 
The  purpose  of  the  analysis  is  to  identify  the  outputs  of  each  of  a  number 
of  equal  cost  options  and  then  decide  which  of  the  alternatives  is  best 


for  producing  the  dot* ruined  level  of  outputs/benefits.  Such  e  situation 
typically  erleee  where  an  agency  la  allocated  a  given  amount  of  funds  and 
directed  to  puraue  a  particular  objective.  The  analysis  peewits  the  agency 
to  determine  how  to  produce  the  maximum  amount  of  desired  output /benefits 
with  the  given  funds. 

Analyses  of  this  type  require  that  outputs  be  measured  In  some  way.  If 
only  one  output  la  Involved,  the  measurement  can  be  in  any  convenient 
albeit  arbitrary  unit.  If  more  than  one  output  la  Involved,  a  unit  of 
measurement  applicable  to  all  units  la  required.  If  no  such  unit  can  be 
found,  the  study  must  of  necasslty  be  confined  to  a  description  of  the 
outputs  of  the  various  alternatives.  Judgments  as  to  the  relative 
importance  of  each  separate  output  are  then  left  to  the  policymaker. 

B.  Benefit-Cost  Analysis 

Benefit-cost  analysis  seeks  to  determine  whether  or  not  a  certain  output 
shall  be  produced  and,  if  so,  how  best  to  produce  It.  It  thus  goes  beyond 
the  limited  objective  of  cost-effectiveness  analysis  of  determining  how 
best  to  produce.  Benefit-cost  analysis  calls  for  the  examination  of  all 
costs  related  to  the  production  and  consumption  of  an  output,  whether  the 
costs  are  borne  by  the  producer,  the  consumer,  or  a  third  party. 

Similarly,  the  method  requires  an  examination  of  all  benefits  resulting 
from  the  production  and  consumption  of  the  output,  regardless  of  who 
realises  the  benefits.  Because  the  ultimate  objective  of  benefit-cost 
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analysis  is  tha  comparison  of  banaflts  and  costs,  they  both  must  ba 
evaluated  In  tha  saaa  unit  of  measurement.  It  Is  rara  that  anything  othar 
than  dollars  proves  to  ba  satisfactory* 

Tha  benefit-cost  procadura  raqulras  that  altarnatlva  sat  hods  of  producing 
tha  output  ba  idantlflad*  Tha  banaflts  of  aach  altarnatlva  ara  than  valuad 
la  dollars  and  compared  to  thalr  axpactad  costs*  That  altarnatlva  for 
which  banaflts  axcaad  costs  by  tha  graatast  anount  is  Idantlflad  as  tha 
project  altarnatlva  to  ba  undartakan*  Tha  action  la  worth  taking  bacausa 
banaflts  axcaad  costs*  It  Is  bast  bacausa  banaflts  axcaad  costs  by  tha 
graatast  amount*  Unfortunately,  such  studies  often  break  down  la  tha 
Identification  and  valuation  of  banaflts*  Govanusontally  produced  outputs 
ara  usually  not  sold  under  narkat  conditions  asking  It  difficult  to 
datanslna  thalr  value  to  consuaers  and  tha  banaflts  thay  aay  provide  to  the 
rest  of  society. 

11*  Bcooomlc  Analysis  Process 

The  economic  analysis  process  consists  of  sight  steps* 

1.  Define  tha  Objective 

2.  Specify  Assumptions 

3.  Identify  Alternatives 

4.  Bstiaete  Benefits  and  Costs 

3.  Describe  Intangibles 

6.  Compare  Benefits  and  Costs  and  Bank  Alternatives 
2.  Perform  Sensitivity  Analysis 

5.  Neka  Becoamendations 
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The  analytical  conaldaratlona  Involved  in  each  of  these  steps  are  described 
as  follows* 

STEP  1  -  DEFINE  THE  OBJECTIVE 


This  apparently  obvious  step  la  critical  to  a  useful  analysis*  The  analyst 
cannot  proceed  until  the  exact  objectives  of  the  project  or  regulation 
under  consideration  are  precisely  stated*  Moreover*  any  project  or 
regulation  actually  undertaken  without  a  clear  understanding  of  the  daalred 
out cone  is  likely  to  be  Inefficient  and*  perhaps*  unnecessary*  The 
objective  should  be  stated  in  tans  of  desired  outputs  of  the  project  or 
regulation.  It  is  a  cannon  failing  to  describe  an  action  in  tens  of  the 
Inputs  required  to  acconplish  it*  For  exanple*  the  objective  of  providing 
airspace  surveillance  should  be  stated  in  tens  the  expected  inprovenent  in 
benefits — Inha need  safety.  Increased  systee  capacity*  reduced  costs,  better 
weather  detection*  etc. --rather  than  as  a  need  to  procure  a  new  radar 
systen* 

In  sons  situations  the  objective  will  be  specified  by  external  authority* 
For  exanple,  either  the  executive  or  legislature  nay  nandate  that  a 
particular  objective  be  pursued*  The  analyst’s  role  in  such  a  case  is 
United  to  fomulatlng  a  succinct  statsneat  of  the  nandatod  objective  and 
clarifying  anbigultles  that  nay  be  present  in  it* 
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At  tlMi,  several  projects  or  regulations  asp  be  combined  for 
administrative  purposes*  For  analytical  purposes,  they  should  be  separated 
and  lndepandently  evaluated  to  the  extant  that  their  objectives  are 
functionally  separate.  Functionally  separate  objectives  are  those  which 
are  Independent  of  each  other  and  do  not  depend  upon  coamon  Investaents  or 
regulations*  For  exaaple,  regulations  pertaining  to  design  requirements  of 
different  types  of  aircraft  should  be  considered  separately.  But 
regulations  concerning  flight  tine  and  duty  tine  restrictions  should  be 
considered  together  because  one  Interacts  with  the  other.  As  to  common 
Investments,  the  separate  objectives  of  safety  and  delay  reduction  should 
be  considered  together  when  they  arise  from  a  common  Investment  such  as  an 
ILS  and  separately  when  they  arise  from  separate  investments  such  as  a  VASI 
(safety  oriented)  and  RXAV  (delay  reduction  oriented). 

STEP  2  -  SPECIFY  A88PMPTI0W 

Analysis  of  projects  and  regulations  which  will  have  most  of  their  Impact 

In  future  years  Involves  a  substantial  amount  of  uncertainty.  In  order  to 

proceed,  aesumptlons  must  frequently  be  made.  These  should  be  clearly 

Identified  and  the  estimate  upon  which  they  are  based— judgment , 

econometric  forecast,  etc.— clearly  elaborated.  Assumption  specification 

often  cannot  be  done  exhaustively  as  a  second  step.  Frequently,  some  # 

assumptions  cannot  be  specified  at  tbs  beginning  of  a  project.  Others  must 

be  changed  as  the  project  proceeds  and  more  information  is  obtained  or 

Information  gaps  appear  that  can  be  filled  only  by  assumption. 

2-6 


STEP  3  -  IDENTIFY  ALTERNATIVES 


This  is  otw  of  Che  aoit  difficult  yet  iaportant  parte  of  a  benefit-coat 
analysis*  It  Involves  the  identification  of  all  reasonable  wsys  to  achieve 
the  desired  objectives*  This  step  is  critical  because  only  those 
alternatives  that  are  identified  will  be  evaluated.  Any  alternatives  that 
exist  but  are  not  identified  not  only  will  not  be  evaluated,  but, 
critically,  will  not  be  selected  as  the  aost  efficient  net hod  to  achieve 
the  objective.  This  is  critical  because,  if  a  sufficiently  low  cost 
alternative  is  not  identified,  the  analysis  that  follows  nay  date mins  that 
the  objective  is  not  worth  undertaking  since  its  costs  exceed  its  benefits. 

This  step  should  not  be  Interpreted  to  require  that  every  conceivable 
alternative  way  of  doing  something  needs  to  be  Included  in  the  analysis. 
Many  technically  possible  alternatives  aay  be  ruled  out  froa  the  beginning 
as  Inferior  to  others  which  are  being  considered.  This  aay  occur  in 
several  situations.  First,  It  aay  be  well  known  that  a  particular  approach 
is  wore  costly  than  others,  at  least  for  the  scale  of  activity  under 
consideration.  Second,  it  aust  be  recognised  that  aost  investaents  or 
regulations  build  upon  existing  ones.  Because  new  Investaents  or 
regulations  aust  aash  with  existing  ones,  aany  potential  alternatives  which 
do  not  aesh  can  be  ruled  out.  Note  that  this  exclusion  criterion  is  not 
applicable  when  considering  the  adoption  of  a  new  systea  or  a  functionally 
separate  set  of  regulations  or  a  replacaaent  for  existing  ones.  Finally, 
other  cases  aay  arise  where  it  can  be  detenined  that  one  or  aore 
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alternatives  are  Inferior  to  the  othera  before  a  formal  analysis  is 
undertaken*  The  analyst  Is  cautioned  that  such  determinations  should  be 
well  founded  and  supportable.  Moreover,  while  such  exclusions  will  save 
analytical  resources,  care  wist  be  taken  that  viable  alternatives — perhaps 
the  best  one — are  not  excluded  at  this  point.  In  particular,  the  analyst 
must  not  exlude  alternatives  aerely  because  r  predisposition  exists  In 
favor  of  others  arising  out  of  causes  such  as  past  practice  or  external 
constraints  such  as  budget  or  personnel  ceilings. 

Successful  alternative  Identification  requires  extensive  knowledge  of  the 
production  process  or  processes  which  can  be  utilised  to  achieve  the 
objective.  Such  information  is  often  highly  technical  and  not  confined  to 
any  alngla  area  of  expertise.  As  a  result,  it  la  often  necessary  to  enlist 
the  aid  of  one  or  more  technical  experts  at  this  stage  of  the  analysis. 

STEP  4  -  ESTIMATE  BENEFITS  AMD  COSTS 


This  step  requires  that  the  value  in  dollars  of  all  quantifiable  benefits 
and  costs  be  estimated.  Vlth  respect  to  benefits,  it  is  first  necessary  to 
determine  the  goods  and  services  which  the  project  or  regulation  can  be 
expected  to  yield.  Then,  the  value  of  these  goods  and  services  must  be 
determined.  For  coats,  the  physical  resources  which  the  project  or 
regulation  will  consume  must  be  determined  and  thair  costa  estimated. 
Guidelines  for  formulating  benefit  estimates  are  presented  in  Chapter  3. 
Procedures  for  coat  estimation  are  contained  in  Chapter  4. 
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STEP  5  -  DESPISE  INTANCIBLES 


A  natural  follow-on  to  quantification  of  banaflta  and  eoata  la  tha 
Identification  and  daacrlptlon  of  intaaglbles—those  things  which  cannot  be 
evaluated  In  dollar  teras.  Intangible  conalderations  should  be  listed  and 
described  for  the  declsionaaker.  If  possible,  a  range  In  which  a  dollar 
value  could  be  reasonably  expected  to  fall  should  be  reported.  Intangibles 
should  not  be  neglected;  It  is  very  likely  that  they  will  be  extreaely 
Important  to  the  outcoae  of  the  analysis. 

STEP  6  -  COMPARE  BENEFITS  AND  COSTS  AND  RANK  ALTERNATIVES 


It  la  this  step  that  provides  answers  to  the  econoalc  questions  of  what 
objectives  to  pursue  and  how  aost  efficiently  to  obtain  then.  It 
establishes  whether  or  not  benefits  exceed  costa  for  any  or  all  of  the 
alternatives,  thus  Indicating  whether  or  not  the  objective  should  be 
undertaken.  In  addition,  by  providing  a  ranking  of  the  alternatives  It 
identifies  which  la  the  aost  efficient  In  achieving  the  objective. 
Criteria  for  asking  this  coaparlaon  are  enuaerated  in  Chapter  5. 

STEP  7  -  PERFORM  SENSITIVITY  ANALYSIS 


Because  uncertainties  are  always  present  la  the  benefit  and  coat  eetiaatea 
used  In  the  coaparlaon  of  alternatives  of  STEP  6,  a  coaplete  picture  of  the 
situation  can  be  presented  only  If  key  assumptions  are  allowed  to  very. 
When  this  is  done,  it  is  possible  to  exaaina  how  the  ranking  of  the 


•ltcrutlm  under  consideration  holds  up  to  e  chance  in  e  relevant 
assumption  and  under  what  conditions  the  project  Is  or  is  not  worth  doing* 
Methodology  for  conducting  sensitivity  analysis  Is  presented  in  Chapter  6. 

Xn  addition  to  helping  deal  with  uncertainty!  sensitivity  analysis  also 
provides  feedback  within  the  economic  analysis  process.  At  this  stage  of 
the  analysis.  It  Is  often  necessary  to  change  key  asstaeptions,  formulate 
additional  alternatives,  and/or  revise  nethodology.  The  analysis  is  then 
repeated  under  these  new  conditions.  Thus,  the  economic  analysis  process 
beconea  an  iterative  one. 

STEP  8  -  MAKE  RECOMMENDATIONS 


The  final  outcome  of  the  economic  analysis  process  is  a  recommendation 
concerning  the  proposed  objective.  Under  e  benefit-cost  analysis  there  are 
two  parts  to  this  recommendation:  should  the  activity  be  undertaken,  and 
if  so,  which  alternative  should  be  selected  to  achieve  it.  For  a 
cost-effectiveness  analysis,  one  of  two  answers  is  provided:  which 
alternative  should  be  selected  to  achieve  the  objective  or  on  what 
activities  should  the  available  resources  (e.g*,  budget)  be  expended  so  as 
to  best  achieve  the  stated  objectives.  Note  thst  this  step  goes  beyond 
STEP  6  in  that  it  incorporates  not  only  a  comparison  of  alternatives  but 
also  information  galnsd  by  tbs  sensitivity  analysis  and  the  iterative 
process.  The  entire  economic  analysis  process  is  summarised  in  Figure  2-1. 
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ECONOMIC  ANALYSIS  PROCESS 


/ 
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CHAPTER  3 


BENEFIT  ESTIMATION 


I.  Cwml 

Benefits  art  eh*  output*  of  good*  or  services  that  are  produced  by  the 
operation*  and  regulations  of  a  government  agency.  Most  frequently  they 
are  provided  to  the  public  but  nay  on  occasion  be  furnished  to  other 
governmental  agenciea.  When  valued  in  dollar*,  benefits  are  analogous  to 
private  sector  revenues.  However,  unlike  the  private  sector  where 
products  are  aold  and  their  value  established  in  the  aarket  place,  aost 
governmental  outputa  are  provided  free  or  at  arbitrary  prices.  As  a 
consequence  of  these  factors,  measurement  of  benefits  can  be  a  formidable 
task. 

A  related  outcome  of  government  operations  or  regulations  are  cost 
savings.  Strictly  speaking,  they  are  not  benefits  because  they  do  not 
represent  products  or  services  delivered  to  the  consuaer.  Rather,  they 
are  reductions  in  the  cost  of  delivering  other  products  or  service*. 
Nonetheless,  they  should  be  treated  as  benefits  because  they  represent 
value  to  the  government  and/or  private  parties  which  arises  as  the  result 
of  undertaking  a  project  or  regulation  and  incurring  its  life  cycle 


The  benefit  eatlaetion  procedure  is  e  three  step  process.  The  first  step 
Is  to  Identify  whet  effects  vlll  occur  and  who  will  be  affected  as  a 
consequence  of  undertaking  an  activity.  This  can  be  difficult  in  itself 
if  the  proposed  activity  is  large  and/or  complex.  The  second  step  is  to 
measure  these  effects  in  physical  units.  Finally,  the  physical  units 
■ust  be  valued  in  dollars.  Suggested  procedures  for  accomplishing  these 
tasks  are  detailed  in  Section  Ill.  A  theoretical  basis  for  valuation  is 
considered  in  Section  II. 

II.  Benefit  Valuation 

A.  A  Concept  of  Value 

Before  beginning  a  discussion  of  how  to  value  specific  benefits,  it  is 
important  to  know  what  is  meant  by  value  and  how  it  can  be  measured.  In 
this  disc... sion  a  principal  distinction  lies  between  the  value  of  a 
product  to  consumers  and  the  amount  of  money  they  must  spend  to  acquire 
the  product.  Money  la  a  generalized  commodity  which  can  be  transformed 
into  other  specific  commodities  through  exchange.  When  a  constmwr 
voluntarily  exchanges  money  for  a  specific  commodity,  the  consumer 
indicates  that  the  value  placed  on  the  specific  commodity  equals  or 
exceeds  the  value  placed  on  what  that  amount  of  money  could  buy  In  its 
next  most  valued  use.  If  It  did  not,  the  consumer  would  not  voluntarily 
make  such  an  exchange.  The  amount  of  money  expended  on  a  commodity  is  a 
minimum  measure  of  the  value  of  a  commodity  to  a  consumer.  The  total 
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value  of  •  commodity  la  Matured  by  the  Mximum  eaount  of  eonay  a 
conauMr  would  be  willing  to  give  up  end  atlll  be  willing  to  voluntarily 
engage  in  the  exchange*  The  concept  of  value  MaeureMnt  nay  be 
clarified  with  reference  to  the  economlet'a  concept  of  the  deMnd  curve. 


Figure  3-1  preaente  a  typical  deMnd  curve  for  a  particular  coearadlty. 
The  curve  lndlcatea  the  quantity  of  the  coModlty  that  conauMra  aa  a 
whole  will  purchaee  at  any  particular  price.  It  alopea  downward  to  the 
right  becauae  conauMra  can  be  expected  to  purchaaa  larger  quantltlea  at 
lower  pricea  than  at  higher  onaa.  A  uaeful  property  of  the  deMnd  curve 
la  that  It  tracea  out  the  pricea  which  conauMra  are  juat  willing  to  pay 
for  an  additional  unit  of  a  caaaodlty  for  all  different  quantltlea 
actually  purchaaed.  Thla  price  reproeenta  the  Mrglnal  value  placed  by 
conauMra  on  an  additional  unit  of  the  cowwodlty.  In  Figure  3-1,  the 
deMnd  curve  ehowe  that  conauwera  can  be  expected  to  buy  quantity  Qj  at 
price  To  Induce  conauMra  to  Increase  pure  ha  ae  a  by  one  unit  to 
Q2>  price  auet  fall  to  P2*  Thus,  the  maxlmta  price  that  will  be  paid 
for  one  wore  unit,  provided  that  Qj  unite  are  currently  being 
purchaaed,  la  P2«  Or  in  other  worda,  ?2  la  the  Mrglnal  valuation 
which  conauMra  place  on  thla  unit  of  the  cowwodlty.  To  determine  the 
Mrglnal  value  of  each  aueceaaive  unit.  It  la  necessary  to  repeat  the 
proceaa.  The  total  value  to  the  conauMra  of  a  mat  bar  of  unite  la 
obtained  by  summing  the  Mrglnal  valuations.  In  Figure  3-1,  the  sum  of 
the  Mrglnal  valuatlona  of  unlta  Q3  ~  la  repreaented  by  the  area 
QjABQj.  Thla  area  repreaente  the  maximum  amount  conauMra  would  be 


willing  to  pay  for  unit*  -  Q  .  It  conalats  of  ractangla 


QjCBQj  plus  trlangla  ACB.  Ractangla  Q^CBQ^,  equal  to  P^  * 

(Q3  -  Qj),  equals  ths  total  amount  consumers  would  ba  required  to  pay 
for  Q3  -  Qx  at  ?y 

Triangle  ACB  represents  additional  value  of  the  units  Qj  -  Qj  over 
and  above  this  payment  which  consuaers  would  be  willing  to  pay  rather 
than  go  without  these  units  of  the  commodity.  — ^ 

B.  Benefits  of  PAA  Actions 

Most  FAA  Investment  projects  and  regulatory  actions  are  Intended  to 
reduce  the  costs  of  air  transportation.  Cost  reductions  accrue  to  the 
flying  public  through  reduced  accident  costs,  reduced  delay  costs,  and  In 
other  ways.  To  the  extent  that  FAA  activities  result  In  relatively  small 
cost  reductions,  the  benefits  of  such  activities  nay  be  valued  based  on 
current  system  use  without  taking  into  account  any  Increase  in  system 
usage  resulting  from  cost  reductions.  With  reference  to  Figure  3-1, 
assume  that  an  FAA  action  causes  the  per  unit  cost  of  using  some  segment 
of  the  system  to  fall  from  Pj  to  P^.  The  value  of  this  action  to  the 


17  The  above  discussion  does  not  Indicate  the  nead  to  measure  triangle 
ACB  under  a  demand  curve  adjusted  for  Income  and  other  factors. 

While  this  Is  theoretically  incorrect,  the  practical  Impact  of  making 
the  appropriate  adjustments  would  be  insignificant  for  FAA 
activities.  For  an  introductory  discussion  of  such  problems,  see 
Mark  Blang,  Economic  Theory  In  Bat rospect .  Richard  D.  Irvin,  Xne., 
Homewood  Illinois,  l4(i,  pp.  J59-i7i. 
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current  users  of  the  service  may  be  approximated  by  (P^  -  P^)  x 
Q^.  Although  this  procedure  understates  the  true  increase  In  value  by 
Ignoring  the  value  of  unit  Qj  ~  Qj ,  the  amount  of  error  is  small 
enough  that  it  can  be  ignored  foi  practical  purposes. 

For  activities  that  result  in  larger  cost  reductions  to  the  public,  the 
value  of  additional  units  which  will  be  demanded  must  be  considered  or 
the  total  increase  in  value  will  be  substantially  understated.  In  terms 
of  Figure  3-1,  if  costs  are  reduced  from  P^  to  P y  consumers  of 
units  will  be  benefited  by  (P^  -  P^)  x  Q^.  But  the  reduction  of 
-  P^  will  also  induce  the  additional  unitB  of  to  be 

demanded,  both  by  current  and  new  consumers.  The  value  of  these  units  is 
equal  to  the  sum  of  their  marginal  valuations  as  indicated  by  area 
Q1ABQ3.  The  magnitude  of  the  cost  reduction  makes  this  amount  large 
enough  that  it  can  no  longer  be  ignored. 

Frequently,  the  value  of  additional  units  such  as  are 

measured  net  of  the  costs  which  consumers  must  bear  to  consume  them.  The 
resulting  net  benefit  l's  then  compared  to  other  public  and  private  costs 
in  the  benefit  cost  analysis.  In  Figure  3-1,  the  net  benefit  would  be 
represented  by  triangle  ACB  under  this  procedure.  This  is  equal  to  the 
sum  of  the  marginal  valuations,  Q^ABQ^,  less  the  amount  consumers  are 
required  to  pay,  as  shown  by  rectangle  Q^CBQ^.  (Note,  this  procedure 
is  strictly  a  convention.  The  same  result  would  occur  if  total  benefits 
of  units  -  Qj,  QjABQj,  were  counted  under  benefits  and 

consumer  borne  costs,  Q^CBQ^,  considered  under  costs  in  Chapter  A.) 
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The  total  net  benefit  of  a  project  la  equal  to  the  sua  of  the  benefits  to 
current  consuaers  plus  that  associated  with  the  additional  units  demanded 
because  of  lower  costs.  In  Figure  3-1,  this  aaount  is  indicated  by  area 

fimr 

For  coaaodltles  traded  In  aarkets,  value  aay  be  deteralned  with  reference 
to  observed  aarket  behavior  of  consuaers*  For  aany  lteas  produced  by 
goveraaent  or  brought  about  by  government  regulation,  value  cannot  be 
deteralned  by  reference  to  aarket  behevlor  because  the  lteas  are  not 
traded  in  aarkets.  Rather,  they  are  provided  free  or  at  arbitrary 
prices.  Nonetheless,  they  aay  be  valued  by  determining  the  aaxlaua 
aaount  consuaers  would  be  willing  to  pay  for  then.  The  following  section 
outlines  aethodology  for  estimating  the  value  of  benefits  provided  by  FAA 
investment  and  regulatory  activities. 


There  are  three  prlaary  areas  In  which  FAA  investments  and  regulations 
generate  benefits.  These  arc  safety  laproveaent,  capacity  increases  and 
delay  reductions,  end  cost  savings.  Other  benefits  outside  of  these 
three  areas  also  frequently  occur  and  should  be  Included  in  any 
particular  analysis  using  appropriate  aethodology  for  the  particular 
circumstance.  Each  of  theae  benefit  areas  is  now  considered. 
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A.  Safety 


Safety  aay  be  defined  In  tens  of  the  risk  of  death,  personal  injury,  and 
property  daaage  which  results  from  air  transportation  accidents*  A  aajor 
responsibility  of  PAA  is  to  reduce  such  occurrences.  FAA  carries  out 
this  function  through  its  capital  investment,  operations,  and  regulatory 
functions.  The  evaluation  of  the  benefits  of  such  activities  requires 
that  we  determine  the  extent  to  which  deaths,  injuries,  and  property 
daaage  resulting  froa  preventable  accidents  will  be  reduced,  and  that 
these  reductions  be  valued  in  dollars.  This  subsection  presents 
aethodology  for  determining  deaths,  injuries,  and  damages  prevented  by 
risk  reduction.  Once  known,  these  can  be  valued  in  dollars  by  applying 
standardized  FAA  critical  values  (See  Appendix  B). 

1.  Unit  of  Exposure 

Meaningful  accident  measurement  requires  that  accidents  be  stated  as  a 
rate  per  some  unit  of  exposure.  Such  a  unit  should  have  the  character¬ 
istic  that  each  tlae  it  occurs  an  accident  of  a  particular  type  either 
can  or  cannot  result.  The  appropriate  unit  of  exposure  will  differ 
depending  on  the  type  of  accident  under  consideration.  Every  aircraft 
aoveaent  froa  one  point  to  another  consists  of  several  components: 
departure  taxi,  take  off,  climb  out,  the  enroute  phase,  descent, 
approach,  landing,  and  arrival  taxi.  All  components  other  than  the 
enroute  phase  will  have  approximately  the  saae  duration  each  time  they 
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occur  and  will  be  approximately  Independent  of  the  duration  of  the 
enroute  component.  Moreover,  each  component  other  than  the  enroute  one 
constitutes  a  seif  contained  phase  of  flight  which  Is  approximately  the 
same  from  one  flight  to  another  and  which  must  be  undertaken  each  and 
every  time  an  aircraft  is  moved  from  one  place  to  another.  Accordingly, 
because  the  risk  of  an  accident  can  be  considered  to  be  approximately 
Independent  of  the  duration  of  a  flight  for  all  but  the  enroute 
component,  the  appropriate  measure  of  exposure  for  other  than  enroute 
accidents  should  not  vary  with  the  duration  of  a  flight. 

For  the  enroute  component  of  a  flight,  the  opportunity  for  an  accident  to 
occur  is  present  throughout  the  duration  of  the  enroute  component.  The 
longer  the  enroute  component  lasts,  the  greater  the  exposure  to  the 
risk.  Consequently,  appropriate  exposure  measures  for  the  enroute 
component  should  vary  with  the  duration  of  the  flight.  In  the  case  of 
enroute  turbulence  accidents,  the  exposure  measure  should  also  vary  with 
the  number  of  passengers  transported.  This  is  because  the  chance  that  at 
least  one  passenger's  seat  belt  will  be  unfastened  at  the  same  time  an 
aircraft  encounters  turbulence,  thus  creating  an  opportunity  for  a 
turbulence  accident,  varies  with  the  number  of  passengers  as  well  as  with 
the  duration  of  the  flight. 

For  the  most  part,  all  flight  segments  except  the  enroute  one  occur 

primarily  In  the  terminal  area.  Acceptable  exposure  measures  are 

2/ 

operations  and  Instrument  operations.  —  An  operation  occurs  each  time 

27  Air  Traffic  Activity.  Federal  Aviation  Administration,  published 
annually. 
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an  aircraft  either  takes  off  or  lands*  An  instrument  operation  occurs 
each  time  an  aircraft  on  an  instrument  flight  plan  takes  off  or  lands.  A 
third  measure,  annual  instrument  approaches,  occurs  each  time  an  aircraft 
on  an  Instrument  flight  plan  makes  an  instrument  approach  under 
instrument  weather  conditions.  Although  conceptually  acceptable  and  used 
in  many  previous  analyses,  it  is  not  recommended  that  this  measure 
continue  to  be  used.  It  is  subject  to  substantial  measurement  errors  and 
may  not  continue  to  be  compiled  by  the  agency. 

For  accidents  which  occur  enroute  such  as  those  resulting  from  engine 
failure  or  flight  system  failure,  exposure  measures  related  to  flight 
duration  are  appropriate.  Acceptable  measures  are  hours  flown  or  miles 
flown.  Measures  which  also  reflect  the  number  of  passengers  carried  such 
as  passenger  miles,  the  product  of  miles  flown  and  passengers  carried, 
should  not  be  used  because  the  risk  of  these  types  of  enroute  accidents 
is  not  dependent  on  the  number  of  passengers  being  carried.  For  enroute 
turbulence  accidents,  measures  such  as  passenger  miles  are 
acceptable.—^ 

2.  Models 

One  method  of  determining  prevented  deaths,  injuries  and  property  damage 
is  to  construct  a  model  which  relates  these  items  to  a  unit  of  exposure. 
Such  a  model  typically  computes  the  number  of  accidents  that  can  be 


37  CAB  Air  Carrier  Traffic  Statistics,  published  monthly,  and  FAA 
Statistical  Handbook  of  Aviation,  published  annually. 
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expected  to  occur  per  unit  of  expoeure  both  with  and  without  e  particular 
eyaten  In  place.  The  difference  la  the  number  of  prevented  accident  a. 

The  actual  estimating  procedure  can  be  aa  alaple  aa  calculating  accldenta 
aa  a  fraction  of  the  expoaure  unit.  Or  it  can  be  complex,  allowing  the 
probability  of  an  accident  to  vary  with  a  host  of  other  factora  such  as 
waather,  aircraft  types,  length  of  runway,  ate. 

Prevented  deaths,  injuries,  and  property  damage  can  then  be  ascribed  to 
the  prevented  accidents  using  historical  averages  for  these  types  of 
accidents  for  fatalities,  minor  and  aarious  Injuries,  and  damage  per 
accident.  Because  there  is  wide  variation  in  fatalities,  injuries  and 
property  damage  by  type  end  else  of  aircraft  as  well  as  by  passenger 
loads,  it  is  Important  that  the  averages  used  reflect  the  aircraft  types 
and  passenger  loeds  likely  to  have  been  Involved  in  the  prevented 
accidents.  This  can  be  accomplished  by  using  different  averages  for 
different  airports  or  air  routes. 

A  comprehensive  model  for  estimating  safety  and  other  benefits  for 
approach  and  landing  aids  is  the  "Approach  Aid  Establishment  Criteria 
Model."  The  model  computes  the  benefits  and  costs  of  establishing  and/or 
decommissioning  any  of  the  following  aids,  either  singularly  or  in 
combinations:  VASI,  NDB,  VOR,  VOR/DME,  LOC,  LOC/DME,  ZLS,  ILS/DME. 
Accompanying  the  model  is  a  data  base  containing  most  of  the  data 
required  to  run  the  model  for  3338  runways.  This  greatly  facilitates 


■odd  use  because  only  a  relatively  few  paraaetera  need  be  Input  to  use 
the  model.  — 

3.  Judgmental  Accident  Evaluation 

A  second  method  for  determining  prevented  accidents  is  to  examine  a  large 
number  of  accidents  of  a  particular  type  and  make  a  judgmental 
determination  of  which  ones  could  have  been  prevented  by  the  investment 
or  regulation  in  question  and  which  ones  could  not  have  been.  To  add 
validity  to  the  work,  it  is  often  desirable  to  have  the  analysis  of 
accidents  undertaken  by  a  group  of  knowledgeable  Individuals  so  as  to 
avoid  the  biases  of  any  one  particular  person.  In  those  cases  where  a 
decision  between  classifying  an  accident  as  preventable  or  not 
preventable  is  a  toss-up,  it  is  classified  as  preventable  by  convention. 
This  is  done  to  let  the  benefits  of  any  doubt  favor  making  the  investment 
or  implementing  the  regulation. 

The  judgmental  method  has  the  advantage  of  simplicity  and  ease. 

Moreover,  it  does  not  have  the  large  data  requirements  typically 
associated  with  model  estimation.  It  has  the  disadvantage  of  almost 
always  overstating  the  benefits  of  any  proposed  activity.  This  occurs 
because  some  accidents  judged  preventable  would  still  have  occurred.  A 
given  safety  program  will  be  successful  in  preventing  only  a  certain 


T7  Approach  Aid  Establishment  Criteria  Model  Users  Manual,  draft  report. 
Federal  Aviation  Administration,  April  1981. 
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percentage  of  all  potentially  preventable  accidents*  This  percentage  Is 
generally  unknown.  Note,  however,  that  a  proposed  activity  which  falls 
to  muster  benefits  in  excess  of  costs  when  the  judgmental  method  is  used 
is  probably  not  worth  undertaking. 

B.  Capacity  Increases  and  Delay  Reduction 

The  major  reason  for  operating  the  air  traffic  control  system  is  to  allow 
many  aircraft  to  use  the  same  airspace  simultaneously  without  colliding 
with  one  another.  The  capacity  of  the  ATC  system  to  handle  aircraft 
safely  is  a  given  for  any  particular  weather  situation.  As  this  level  is 
approached,  some  aircraft  must  wait  to  use  the  system  or  various  parts  of 
it  until  they  can  be  accommodated.  This  waiting  imposes  costs  both  in 
terms  of  aircraft  operating  expenses  and  the  value  of  wasted  passengers' 
time.  Estimation  of  the  delay  benefits  of  a  new  project  or  regulation 
requires  that  we  measure  the  aggregate  annual  aircraft  operating  time  and 
passenger  time  which  the  new  proposal  will  save.  This  saving  Is  the 
difference  between  the  delays  currently  experienced  and  those  which  would 
be  experienced  with  the  proposed  new  project  or  regulation.  Once 
determined,  the  value  of  this  saved  time  can  be  valued  In  dollars  using 
the  values  provided  In  Appendix  B. 

The  estimation  of  delay  reductions  that  a  particular  proposed  project  or 
regulation  can  be  expected  to  produce  requires  that  the  relationship 
between  average  delay,  capacity,  and  system  demand  for  the  segment  of  the 
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FIGURE  3-2 
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ATC  ays ten  of  interest  be  deterained  for  both  the  existing  systea  and  the 
proposed  new  one*  Although  such  relationships  will  differ  fron  situation 
to  situation,  their  general  fora  is  depicted  in  Figure  3-2.  As 
Indicated,  two  definitions  of  capacity  are  relevant  in  defining  this 
relationship.  One  is  the  "through  put"  measure.  It  defines  the  absolute 
number  of  system  users  that  can  be  served  in  a  given  period  of  time, 
provided  that  a  user  is  always  present  waiting  to  use  the  systea.  The 
second  measure  is  that  of  "practical"  capacity.  It  provides  a  measure  of 
the  ability  of  a  given  systea  to  accommodate  users  subject  to  some 
maximum  acceptable  level  of  delay.  As  shown,  average  delay  is  low  at  low 
levels  of  demand  and  increases  as  demand  approaches  capacity,  as  defined 
under  either  definition.  As  demand  exceeds  "practical"  capacity,  delay 
exceeds  the  acceptable  level.  And  as  demand  pushes  up  against  "through 
put"  capacity,  delays  begin  to  become  infinite.  This  occurs  because  the 
number  of  users  demanding  service,  per  time  period,  begins  to  become 
greater  than  the  ability  of  the  system  to  serve  them,  resulting  in  an 
ever  growing  line  of  users  waiting  for  service. 

It  is  Important  to  note  that  delays  began  to  occur  before  capacity  is 
reached.  This  happens  because  of  the  random  nature  in  which  system  users 
demand  services.  If  all  users  of  a  system  consistently  arrived  at  evenly 
spaced  Intervals,  the  system  could  provide  service  hourly  to  a  number  of 
users  equal  to  tha  "through  put"  capacity  rats.  No  delay  would  occur 
until  "through  put"  capacity  was  actually  exceeded.  In  actuality,  system 


users  do  not  srrive  consistently  at  evenly  spaced  intervals.  Soaetiaes 
several  users  arrive  at  one  tiae  and  soaetiaes  no  one  arrives.  As  a 
consequence,  aoae  of  those  who  arrive  at  the  saae  tiae  as  do  others  aust 
be  delayed. 

Measureaent  of  capacity  and  delay  benefits  requires  that  the  relationship 
depicted  in  Figure  3-2  be  deterained  for  both  the  existing  ayatea  and  the 
proposed  new  one.  The  general  fora  of  such  relationships  la  shown  in 
Figure  3*3.  Each  has  the  saae  general  fora  as  that  of  Figure  3-2,  but 
with  the  proposed  new  ayatea  having  greater  capacity  and  lower  average 
delays  than  the  old  one  at  each  level  of  deaand. 

The  average  delay  reduction  per  systea  user  at  the  current  level  of 
deaand,  DQ,  is  -  MQ  minutes.  This  is  not  the  delay  reduction 
that  will  occur  if  the  Indicated  capacity  Increase  la  provided  at  deaand 
level  after  systea  users  have  adjusted  to  the  increase,  however. 
Capacity  iaproveaenta  will  reduce  the  costa  of  ualng  the  systea  both  in 
terms  of  passenger  tiae  and  aircraft  operating  expense.  As  indicated  in 
Figure  3-1,  cost  reductions  will  generally  lead  to  an  increase  in  the 
quantity  of  any  good  or  service  deaanded.  In  this  particular  case, 
assuae  systea  deaand  Increases  froa  Dq  to  resulting  in  delay  of 
Mj  per  user.  This  level  of  delay  is  above  and  represents  that 
level  which  will  result  from  the  indicated  increase  in  capacity  once 
deaand  has  adjusted  to  the  lower  costs  brought  about  by  the  capacity 
increase. 
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Having  determined  the  average  delay  per  ayatem  U8er  after  demand 
adjustments,  It  la  now  neceaaary  to  value  theae  delay  reductions.  For 
uaera  of  the  ayatem  before  the  capacity  improvement,  valuation  la  given 
by  total  coat  aavlnga  per  uaer.  Becauae  most  delay  reduction  activltiea 
are  air  terminal  area  related,  It  la  convenient  to  define  uaer  aa  an 
operation  for  the  remainder  of  thla  discussion.  The  value  of  delay 
reduction  for  that  level  of  operatlona  that  waa  occurring  before  the 
capacity  improvement  la  equal  to  Mq  -  Mj  mlnutea  multiplied  by  the 
operating  coat  of  the  aircraft  plua  Mq  -  M2  mlnutea  multiplied  by  the 
average  number  of  pasaengers  per  aircraft  and  the  value  of  paaaenger 
time.  The  value  of  passenger  time  and  aircraft  operating  coats  la  given 
in  Appendix  B.  The  average  number  of  passengers  per  aircraft  must  be 
determined  by  the  analyst  In  each  specific  case. 

For  operations  Induced  by  the  lower  costa  per  uaer  brought  about  by  the 
capacity  increase,  value  trill  be  less  because  each  additional  unit  of  a 
commodity  is  valued  less  by  consumers,  as  explained  In  Section  II  of  this 
chapter.  Value  is  given  by  the  change  In  benefits  accruing  to  passengers 
and  air  transportation  service  providers  less  the  additional  costa 
required  to  produce  these  benefits.  Under  conditions  of  competition  in 
the  air  transportation  industry,  it  can  be  shown  that  these  net  benefits 
can  be  approximated  by  one  half  of  the  number  of  additional  operations, 

~  Dq  in  Figure  3-3,  multiplied  by  Mq  -  M2  minutes  multiplied 
by  the  operating  coat  of  the  aircraft  plua  one  half  of  the  number  of 
operations,  -  Dq,  multiplied  by  Mq  -  Mj  minutes  multiplied  by 
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the  average  number  of  passengers  per  aircraft  multiplied  by  the  value  of 
passenger  time*  —  Total  delay  benefits  are  equal  to  this  amount  plus 
the  benefits  for  those  operations  already  being  conducted  before  the 
capacity  Increase. 

Finally,  it  should  be  noted  that  the  above  methodology  must  be  applied  to 
each  time  period  over  the  life  of  the  capacity  improvement.  This 
requires  that  values  for  system  demand  be  estimated  for  each  year 
assuming  both  that  the  capacity  Improvement  is  and  Is  not  put  in  place. 

In  terms  of  Figure  3-3,  both  Dq  and  D^  must  be  estimated  for  each 
year  of  the  Improvement's  economic  life.  Demand  values  assuming  the 
improvement  la  not  in  place  are  given  by  the  actual  value  for  the  current 
year  and  by  forecasted  values  for  future  years.  Demand  values  assuming 
the  Improvement  Is  adopted  can  be  computed  by  marking  up  the  actual  or 
forecasted  values  by  an  appropriate  factor. 


37 This  procedure  is  an  approximation  for  several  reasons.  First,  it 
assumes,  correctly  nqc,  that  demand  curves  can  be  represented  as 
straight  lines  over  the 'relevant  range  of  Interest.  Second,  it 
assumes  that  all  passengers  can  be  represented  by  a  single 
’’representative  passenger.”  Finally,  implicit  in  the  procedure  is 
the  assumption  that  passengers  of  various  types  at  various  airports 
Increase  their  system  usage  in  response  to  a  reduction  In  delay  by 
the  same  proportion.  A  detailed  discussion  of  the  limitations  of 
this  procedure  as  well  as  attempts  to  Improve  upon  it  are  contained 
In  Robert  A.  Rogers,  John  L.  Moore,  and  Vincent  J.  Drago,  Impacts  of 
UG3RD  Implementation  on  Runway  System  Delay  and  Passenger  Capacity, 


Final  Technical  Report,  Department  of  Transportation, 
March  31,  1976. 


An  appropriate  mark-up  factor  Is  given  by  the  product  of  the  total  demand 

elasticity  —  for  air  transportation  and  the  percentage  change  in  coat, 

both  in  passenger  time  and  aircraft  operating  cost,  implied  by  the 

capacity  improvement.  — ^  The  total  demand  elasticity  for  air  travel  has 

8/ 

been  estimated  by  DeVaney  -  to  be  about  1.5.  The  percentage  change  in 
cost  may  be  calculated  by  taking  the  ratio  of  total  cost  per  passenger  of 
an  average  air  trip  after  and  before  the  capacity  improvement  and 
subtracting  unity. 

Per  passenger  cost  before  the  improvement  is  equal  to  the  sum  of  average 
trip  time  multiplied  by  hourly  aircraft  operating  cost  divided  by  the 
average  number  of  passengers  per  aircraft  and  average  trip  time  plus  50 
minutes  multiplied  by  the  value  of  passenger  time.  (The  50  minutes 
represents  passenger  ground  time  assumed  by  DeVaney  and  implicit  in  his 
elasticity  estimate.)  Cost  after  the  Improvement  is  given  by  the  same 
procedure,  only  with  the  average  trip  time  reduced  by  the  time  saved  by 
the  capacity  improvement. 


J7  Total  demand  Elasticity  is  defined  as  the  percentage  change  in 

quantity  demanded  divided  by  the  percentage  change  In  total  price, 
where  total  price  is  defined  as  the  dollar  cost  of  a  commodity  plus 
the  value  of  the  time  required  to  consume  it.  For  an  Introductory 
discussion  of  the  concept  of  elasticity,  see  Paul  A.  Samuelson, 
Economics,  ninth  edition,  McGraw-Hill  Book  Company,  Inc.,  New  York, 
1973,  pp.  379-385. 

7J  Strictly  speaking,  the  mark-up  factor  equals  the  percentage  change  in 
airline  fare  or  price  to  the  consumer  plus  the  percentage  change  in 
passenger  time  cost.  However,  under  conditions  of  competition  it  can 
be  expected  that  operating  cost  savings  will  be  passed  through  to 
consumers  so  that  percentage  changes  in  operating  cost  closely 
approximate  percentage  changes  in  fares. 

8/  Arthur  DeVaney,  "The  Revealed  Value  of  Time  in  Air  Travel,"  Review  of 
Economics  and  Statistics,  February  1974. 
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The  actual  estimation  of  delay  reduction  usually  requires  the  use  of  a 

model.  A  host  of  different  such  models  exist,  each  pertaining  to  a 

particular  segment  of  the  ATC  system  and  each  with  its  own  strengths  and 
9/ 

weaknesses.  —  Depending  on  the  particular  situation  and  proposed 
project  or  regulation,  the  analyst  must  choose  or  develop  an  appropriate 
model.  An  Important  factor  in  selecting  or  developing  a  suitable  model 
is  the  segment  of  the  ATC  system  in  which  delays  occur  and/or  are  caused. 

Delay  is  commonly  classified  by  the  segment  of  airspace  with  which  it  is 
associated.  This  leads  to  confusion  as  to  where  aircraft  actually 
experience  delay  and  as  to  where  the  events  that  cause  the  delay  occur. 
Information  concerning  the  airspace  segment  where  the  factors  which  cause 
delay  occur  is  Important  in  that  it  focuses  attention  on  segments  of 
airspace  with  insufficient  capacity.  Knowledge  of  where  the  delays 
actually  are  experienced  is  important  in  that  it  identifies  where  the 
delayed  aircraft  must  actually  be  accommodated  and  where  delay  costs 
occur.  Moreover,  since  some  agency  delay  programs,  such  as  "flow 
control,**  seek  to  move  delays  from  one  air  route  segment  to  another,  such 
information  is  essential  if  these  programs  are  to  be  evaluated. 

Figure  3-4  presents  a  matrix  of  delay  classifications  which  indicates 
where  delay  originates  and  where  it  actually  occurs.  Airspace  segments 
where  delay  originates  are  listed  across  the  top.  Airspace  segments 

9/  A  useful  guide  to  these  is  A.  R.  Odonl  and  R.  W.  Simpson,  Review  and 
Evaluation  of  National  Airspace  System  Models.  Report  No. 
FAA-EM-7^-12,  Department  of  Transportation,  October  1979. 
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DELAY  CLASSIFICATIONS 

Location  Airspace  Where  Delay  Caused 

Delay  Departure—  Enroute  Enroute  Arrival- 

Experienced  Terminal  (CONUS)  (Oceanic)  Terminal 

(I)  (II)  (III)  (IV) 


where  delays  actually  occur  are  listed  in  the  left  margin.  Each  box  is 
assigned  a  Roman  Numeral-Letter  designation  and  represents  a  different 
delay  classification.  The  principal  diagonal  of  the  matrix — enclosed  in 
the  solid  line — represents  delays  which  occur  in  the  same  airspace 
segment  as  does  their  cause.  Those  boxes  which  are  above  the  diagonal 
represent  delays  which  take  place,  i.e.,  are  experienced,  in  segments 
before  the  one  in  which  the  delay  is  caused.  The  Bhaded  area  which  lies 
below  the  principal  diagonal  does  not  require  classification. 

Delay  caused  in  a  particular  airspace  segment  cannot  actually  take  place 
in  airspace  segments  which  the  aircraft  encounters  after  the  segment  of 
delay  origin*  (As  an  analogy,  water  backs  up  behind  a  dam,  not  in  front 
of  It.)  An  exception  might  be  when  departure  delays  cause  arrival  delays 
because  there  are  too  many  aircraft  on  the  airport  surface  to  permit 
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additional  aircraft  to  be  landed.  Although  these  types  of  exceptions  do 
occur,  they  are  for  the  most  part  atypical.  The  following  paragraphs 
describe  each  type  of  delay  and  where  it  occurs. 

Departure — Terminal:  This  delay  (1A)  is  caused  by  events  at  the 
departure  terminal  and  occurs  exclusively  at  this  terminal.  The  most 
frequent  cause  is  weather.  This  type  of  delay  is  taken  almost 
exclusively  on  the  ground,  consisting  of  wasted  passenger  and  crew  time 
but  not  aircraft  operating  costs. 

Enroute  (CONUS):  Enroute  delay  occurs  whenever  an  aircraft  must  take 
longer  to  complete  a  trip  between  two  terminal  areas  than  the  minimum 
achievable  time.  Such  delay  occurs  because  the  optimum  route  is  not 
available  for  the  aircraft  for  one  of  a  number  of  reasons:  (1)  traffic 
volume  between  the  two  terminal  areas  may  exceed  that  which  may  be 
accosmodated  by  the  optimum  route,  (2)  severe  weather  may  result  in  the 
optimum  route  being  closed,  (3)  heavy  traffic  volume  across  the  optimum 
route  may  require  that  an  alternate  route  be  flown.  Delays  generated  by 
enroute  events  most  likely  will  occur  in  the  enroute  airspace  (IIB)  and 
will  consist  of  wasted  passenger  time,  crew  time  and  aircraft  operating 
cost.  It  is  possible  under  extreme  conditions  that  such  delays  may  back 
up  into  the  terminal  area  (IIA).  If  they  do  back  up  into  the  departure 
terminal,  they  will  most  likely  be  taken  on  the  ground. 
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Enroute  (Oceanic):  Enroute  oceanic  delay,  like  enroute  CONUS  delay, 
occurs  when  an  aircraft  takes  longer  to  complete  a  trip  than  the  minimum 
achievable.  It  is  caused  by  the  same  factors  as  domestic  delay.  In  the 
North  Atlantic,  limited  optimum  or  near  optimum  air  routes  relative  to 
demand  for  service  are  likely  to  be  the  primary  cause*  These  delays  may 
be  experienced  enroute  (1I1B)  or  be  pushed  back  to  the  departure  terminal 
area  (IIIA)  where  they  usually  will  be  taken  on  the  ground. 

Arrival  Terminal:  Delays  generated  in  the  arrival  terminal  airspace 
occur  because  the  terminal  cannot  land  aircraft  at  the  rate  they  are 
arriving.  This  delay  may  actually  occur  in  the  terminal  area  (IVC)  but 
most  often  backs  up  into  enroute  airspace  (IVB)  so  as  to  avoid  congestion 
in  the  terminal  area  and  permit  aircraft  to  hold  at  higher  altitudes 
where  they  are  more  fuel  efficient.  (Note  that  most  holding  stacks  are 
in  enroute  airspace.)  At  times,  these  delays  may  back  up  all  the  way  to 
the  departure  terminal  where  aircraft  bound  for  congested  terminals  will 
be  held  on  the  ground  (IVA). 

C.  Cost  Savings 

Investment  and  regulatory  decisions  may  result  in  cost  savings  to  both 
the  private  sector,  the  FAA,  and  other  governmental  agencies.  These 
savings  may  come  in  the  form  of  direct  cost  savings  where  actual  dollar 
outlays  are  reduced,  or  they  may  be  reflected  in  efficiency  gains.  In 
the  second  case,  output  levels  achievable  with  existing  resources  go  up. 
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but  actual  costs  remain  constant*  Given  enough  time,  It  is  usually 
possible  to  shift  such  resources  from  one  use  to  another  if  it  is  not 
desired  to  increase  output  by  the  full  amount  made  possible  by  the 
increased  efficiency* 

Examples  of  direct  cost  savings  are  investments  and/or  regulations  which 
reduce  utility  costs  or  fuel  consumption*  Included  would  be  investments 
in  more  efficient  heating  and  cooling  equipment,  aircraft  engines,  and 
solid  state  electronics*  Also  under  this  category  would  be  regulations 
or  procedures  to  minimize  fuel  consumption  such  as  fuel  advisory  delays 
(FAD)  or  profile  descents*  Direct  cost  savings  of  an  investment  or 
regulation  should  be  measured  as  the  actual  value  of  the  savings  expected 
to  occur. 

An  example  of  efficiency  gains  is  agency  investments  to  increase  employee 
productivity.  Included  would  be  the  automation  of  the  air  traffic 
control  system  which  relieved  controllers  of  many  record  keeping 
functions  and  the  acquisition  of  word  processing  equipment.  In  the  case 
of  ATC  automation,  additional  productivity  has  been  reflected  in  greater 
output.  For  word  processing  equipment,  it  has  been  possible  to  shift 
employee  resources  away  from  document  preparation  to  other  tasks.  These 
gains  should  be  measured  by  the  value  of  the  additional  benefits  which 
the  more  productive  workers  can  now  provide.  For  ATC  automation  this 
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would  be  tlie  value  of  the  additional  output.  For  word  processing 
equipment,  it  would  be  the  value  of  the  other  tasks  which  employees  may 
now  perform. 


D.  Other 

The  above  categories  constitute  most  of  the  benefits  that  can  typically 
be  expected  to  flow  from  FAA  investment  and  regulatory  activities.  Any 
analysis,  of  course,  should  include  all  known  benefits  whether  or  not 
they  can  be  classified  In  the  three  major  categories.  As  examples,  the 
following  presents  other  such  benefits  that  have  been  identified  in 
previous  studies. 

1.  Noise  Reduction 

The  provision  of  air  transportation  services  generates  noise  which 
imposes  costs  or  dlsbenefits  on  those  who  are  subjected  to  this  noise. 
Governmental  activities  have  been  undertaken  to  reduce  aircraft-generated 
noise.  The  benefits  of  such  activities  are  the  reductions  in 
noise-produced  costs  which  these  activities  achieve.  These  benefits  are 
equal  to  the  maximum  amount  all  impacted  parties  are  willing  to  pay  to 
avoid  the  noise.  This  amount  may  be  approximated  by  half  of  the  total 
aggregate  decline  in  property  values  which  results  from  the  noise.  — 


10/  For  a  discussion  of  this  method  of  measurement,  including  factors 
which  determine  the  accuracy  of  the  approximation,  see  E.  J.  Mishan, 
Cost-Benefit  Analysis.  Praeger  Publishers,  New  York,  1976, 
pp  32 1-327. 
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The  first  step  to  measure  the  benefits  of  noise  reduction  is  to  Identify 


the  area  around  an  airport  which  is  Impacted  by  noise.  This  area, 
designated  as  the  noise  footprint,  may  be  determined  by  use  of  a  model. 
One  such  model  is  the  Federal  Aviation  Administration  Integrated  Noise 
Model.  —  It  permits  the  noise  of  different  aircraft  types  on 
specified  flight  paths  to  be  measured  by  one  of  several  common  noise 
measures.  It  is  thus  possible  to  measure  the  noise  which  currently 
exists  and  that  which  will  exist  after  a  change  in  aircraft  type  mix, 
flight  path,  or  other  variables. 

The  measures  of  noise  provided  by  the  model  deal  with  two  characteristics 
of  noise:  noise  intensity  and  the  cumulative  number  of  occurrences  of 
the  noise  events.  Noise  intensity  measures  are  useful  for  such  purposes 
as  measuring  the  noise  generated  by  a  particular  engine  or  in  determining 
the  amount  of  soundproofing  required  to  achieve  desired  Indoor  noise 
levels.  The  general  annoyance  associated  with  noise  is  usually  best 
assessed  by  a  cumulative  measure.  One  such  measure  is  the  Noise  Exposure 
Forecast  (NEF).  Scaled  in  decibels,  it  represents  the  cumulative  Impact 
of  aircraft  noise  over  a  24-hour  period,  weighted  for  the  time  of  day. 

The  second  step  is  to  determine  the  change  in  aggregate  property  values 

in  the  area  Impacted  by  noise.  Several  studies  have  been  undertaken 

which  measure  the  Impact  of  noise  or  its  absence  on  the  value  of 

12/ 

property.  —  Their  results  indicate  that  a  one  unit  decrease  in  NEF 


1 1/  FAA  Integrated  Noise  Model  Version  I:  Basic  User's  Guide,  Report  No. 
FAA-AEQ-7 8-01,  Department  of  Transportation,  January  1978. 

12/  See  Aircraft  Noise  References  at  chapter  end. 
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can  be  expected  to  result  In  between  a  *2  and  a  2.6  percent  change  in 
property  values.  One  of  the  Dost  recent  of  these  studies,  which  avoids 
many  of  the  technical  deficiencies  of  the  earlier  ones,  is  William 
Fromme,  Conceptual  Framework  for  Trade-Off  Analysis  of  Multiple  Airport 
Operation:  Case  Study  of  the  Metropolitan  Washington  Airports, 

University  of  Maryland,  Ph.D.  Thesis,  1978.  Fromme' b  estimate  of 
1.5  percent  is  near  the  midpoint  of  the  range  of  the  others.  It  is 
suggested  that  this  value  be  used  unless  there  are  compelling  reasons  to 
use  another.  The  actual  computation  procedure  involves  ascertaining  the 
value  of  the  property  in  the  area  where  noise  reduction  occurs.  The 
change  in  aggregate  property  values  is  then  equal  to  1.5  percent  of  this 
value  for  each  NEF  of  noise  reduction  achieved. 

The  final  step  requires  that  the  change  in  aggregate  property  values  be 
translated  into  a  measurement  of  how  much  the  affected  parties  would  be 
willing  to  pay  to  avoid  the  noise.  This  amount  may  be  approximated  as 
half  of  the  noise-produced  decline  in  aggregate  property  values. 

2.  Missed  Approach  Benefit 

In  making  an  Instrument  or  visual  approach  to  a  landing,  the  pilot  almost 
always  has  the  option  of  aborting  the  approach  if  it  is  judged  to  be 
unsatisfactory,  by  executing  what  is  known  as  a  missed  approach.  This 
requires  the  pilot  to  fly  around  and  try  again.  This  maneuver,  called  a 
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go-a round,  results  in  both  aircraft  operating  expenses  and  wasted  time* 
The  missed  approach  benefit  arises  when  certain  approach  aids  which  help 
reduce  missed  approaches  and  avoid  go-around  costs  are  installed. 

This  benefit  is  incorporated  directly  in  the  "Approach  Aid  Establishment 
Criteria  Model."  The  model  calculates  the  probability  of  a  missed 
approach  being  averted  by  a  landing  aid.  It  then  multiplies  this 
probability  by  the  cost  of  a  go-around  to  obtain  the  missed  approach 
benefit  per  operation.  Specific  methodology,  which  may  be  applicable  to 
other  analyses,  is  contained  in  "Missed  Approach  Probability  Computations 
of  the  FAA/SCI  (vt)  Approach  Aid  Model,"  Interim  Draft  Report,  Contract 
D0T-FA7 8WA-417 3 ,  October  1980. 

3.  Avoided  Accident  Investigation  Costs 

Another  cost  of  aviation  accidents,  in  addition  to  fatalities,  injuries, 
and  property  damage,  is  the  cost  of  investigating  them.  The  National 
Transportation  Safety  Board  (NTSB)  is  responsible  for  the  investigation 
of  all  aircraft  accidents;  accidents  involving  air  carriers  or  the  loss 
of  human  life  are  usually  investigated  directly  by  NTSB.  NTSB  conducts 
two  types  of  investigations:  major  accident  investigations  and  regular 
accident  investigations.  Major  investigations  are  conducted  primarily 
for  major  air  carrier  disasters  involving  numerous  fatalities  and 
substantial  property  damage.  They  are  characterized  by  the  dispatch  of 
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an  investigative  party-go  team — to  the  accident  site  and  usually  involve 
substantial  support  by  the  FAA  and  involved  private  parties  such  as  the 
airline,  airframe  and  engine  manufacturers,  etc. 

Regular  investigations  are  much  smaller  in  scope  than  major 
investigations.  They  are  conducted  for  air  carrier  accidents  involving 
limited  loss  of  human  life  and  for  most  fatal  general  aviation 
accidents.  Responsibility  for  most  other  accidents — predominantly 
non-fatal  general  aviation  accidents — is  usually  delegated  by  NTSB  to 
FAA.  FAA  investigations  are  usually  somewhat  smaller  in  scope  than  NTSB 
regular  investigations.  About  30  percent  are  conducted  by  telephone  and 
involve  no  fieldwork. 

Costs  for  each  type  of  investigation  and  average  investigation  costs  for 
air  carrier  and  air  taxi  or  general  aviation  are  reported  in  Table  3-1. 
Since  some  air  carrier  accidents  are  followed  by  NTSB  major  investiga¬ 
tions  and  others  by  NTSB  regular  investigations,  average  air  carrier 
investigation  cost  is  a  weighted  average  of  NTSB  major  and  regular 
accident  investigation  costs.  The  weights  are  the  typical  number  of 
major  and  regular  NTSB  air  carrier  investigations  conducted  annually. 

Similarly,  the  air  taxi  or  general  aviation  average  is  a  weighted  average 
of  NTSB  regular  investigations  and  FAA  investigations.  The  weights  are 
the  typical  number  of  such  investigations  conducted  by  each  agency. 
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For  purposes  of  benef it-cost  analysis,  it  may  be  appropriate  to  use  one 
set  of  cost  figures  for  certain  purposes  and  another  for  other  purposes. 
For  example,  in  evaluating  approach  and  landing  aids,  the  large  chance 
that  a  preventable  accident  will  result  in  many  fatalities  suggests  that 
it  will  be  followed  by  an  NTSB  major  investigation  if  air  carrier,  or  an 
NTSB  regular  investigation  if  general  aviation.  NTSB  major  and  regular 
cost  data  should  be  used  here.  In  evaluating  a  tower  establishment,  on 
the  other  hand,  where  a  significant  number  of  preventable  accidents  are 
not  fatal,  NTSB  regular  or  FAA  investigations  are  likely  to  follow  any 
accident.  Average  cost  figures  are  probably  more  appropriate  in  this 
type  of  situation. 


TABLE  3-1 

ACCIDENT  INVESTIGATION  COSTS 
(1980  dollars) 


Type  of  Investigation 

Cost 

NTSB  Investigations 

Major 

$614,551 

Regular 

7,601 

FAA  Investigations 

941 

Weighted  Average  By  User  Type 

Air  Carrier 

214,516 

Air  Taxi  or  General  Aviation 

2,307 

a?  Based  on  Stefan  Hoffer,  "Aviation  Accident  Investigation  Costs," 
Office  of  Aviation  System  Plans,  November  29,  1978. 
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CHAPTER  4 


COST  ESTIMATION 


1.  General 


Cost  is  defined  as  the  resources  that  will  be  consumed  if  an  objective  is 
undertaken.  The  value  of  consumed  resources  is  measured  by  the  yardstick 
of  dollars.  This  makes  different  cost  elements  comparable  with  themselves 
as  well  as  with  benefits,  in  addition,  because  resource  value  indicates 
what  resources  are  required  for  a  particular  proposed  objective,  it  is  a 
measure  of  the  cost  of  other  objectives  that  cannot  be  pursued.  Each 
alternative  method  of  accomplishing  the  objective  will  have  its  own 
associated  cost.  Costs  include  all  capital,  labor,  and  natural  resources 
required  to  undertake  eac^  alternative  whether  they  are  borne  by  FAA,  other 
governmental  units,  various  components  of  the  total  flying  public,  the 
general  public,  or  some  other  particular  group.  Inclusion  of  costs  borne 
by  all  groups  is  required  in  order  to  measure  the  total  value  of  what  must 
be  forgone  to  undertake  each  alternative  and  to  avoid  errors  in  answering 
the  economic  questions. 


4-1 


An  example  of  the  need  to  consider  total  cost  is  that  associated  with  the 
adoption  of  a  new  avionics  system  such  as  the  micro  wave  landing  system. 
Uheth  r  or  not  the  system  is  worth  undertaking  depends  on  whether  total 
benefits  exceed  or  equal  total  costs*  Total  costs  consist  of  all 
governmental  costs  to  provide  the  system  and  private  costs  to  users  to 
purchase  the  new  avionics.  Undertaking  the  project  where  benefits  exceed 
only  the  private  or  the  governmental  costs  but  not  total  costs  would  be 
improper.  It  would  result  in  the  value  of  resources  consumed  exceeding  the 
benefits  of  the  system  for  an  overall  net  loss  of  value. 

II.  Concepts 

A.  Opportunity  Coat 

This  is  the  value  of  the  benefits  foregone  when  resources  are  shifted  from 
satisfying  one  objective  to  satisfying  another.  An  all  inclusive 
"measure”,  it  represents  what  society  as  a  whole — government  and  all 
private  groups — must  give  up  to  obtain  the  desired  objective.  It  is  the 
theoretically  correct  measure  of  cost  for  use  in  economic  analyses  of 
governmental  projects.  As  an  example,  the  opportunity  cost  of  the  Nation's 
air  transportation  system  is  what  the  resources  used  to  construct 
it — aluminum,  concrete,  electronic  components,  Instructor  time,  etc — could 
produce  in  their  next  best  use. 
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B.  Sunk  Costs 


These  art  coats  which  hava  alraady  baan  incurred.  Tha  rasouresa 
represented  by  these  costs  have  already  baan  consumed  and  cannot  be 
recovered.  As  a  consequence,  they  are  not  relevant  for  currant 
decisionmaking  simply  because  nothing  can  be  done  about  them.  For 
example,  the  decision  to  add  a  glide  slope  to  a  localiser  should  be  based 
strictly  on  the  additional  benefits  and  costs  associated  with  the  glide 
slope.  The  costs  of  Installing  the  existing  localiser  and  the  benefits 
derived  therefrom  are  irrelevant  becauee  they  have  already  been 
Incurred. 

C.  Average  Incremental  Cost 

This  concept  Is  an  attempt  to  implement  the  economist's  concept  of 
marginal  cost — the  Increase  In  total  cost  associated  with  a  small 
Increase  in  the  production  of  any  particular  service  or  product.  Small 
Increases  are  defined  with  respect  to  the  Infinitesimal  changes  of  the 
differential  calculus  or  unit  changes  of  tha  discrete  calculus.  In  the 
real  world,  feasible  changes  In  tha  slse  of  a  project  are  usually  much 
larger.  Average  Incremental  cost  is  defined  as  tha  change  in  total  cost 
divided  by  the  change  in  total  output  over  a  range  that  Is  feasible  to 
echleve. 
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As  an  example,  the  ultimate  constraint  on  airport  capacity  is  the  number 
of  runways*  When  existing  runways  are  operating  as  efficiently  as 
possible,  additional  capacity  can  be  obtained  only  by  adding  a  new 
runway.  An  increase  of  one  runway  is  the  feasible  change  in  service 
level  in  this  case,  and  average  incremental  cost  is  the  cost  of  this 
runway  divided  by  the  total  operations  that  it  can  handle. 

D.  Out-of-Pocket  Costs 

These  are  actual  cash  outlays.  Frequently,  they  represent  only  a  part  of 
the  total  cost  of  a  project.  Other  costs  can  arise  if  resources  required 
by  a  project  are  already  owned  by  the  government.  When  they  are  consumed 
by  this  project  there  is  an  opportunity  cost  in  that  they  cannot  be  used 
in  another  use,  but  there  is  no  cash  outlay.  Care  must  be  taken  in  the 
exercise  of  economic  analysis  that  all  costs,  and  not  just  out-of-pocket 
costs  are  Included. 

E.  Depreciation 

Frequently,  large  costs  must  be  incurred  in  the  beginning  of  a  project  in 
order  to  obtain  benefits  (or  revenues)  in  later  years*  It  is  often 
useful  to  know  by  how  much  annual  benefits  (or  revenues)  exceed  annual 
costs,  or  the  net  benefit  (or  Income)  of  the  project.  In  order  for  this 


value  to  be  reasonable,  It  Is  necessary  to  allocate  the  large  initial 
costs  to  later  years  when  benefits  occur.  This  is  done  by  the  accounting 
methodology  of  depreciation.  While  depreciation  is  important  in 
determining  reasonable  annual  accounting  net  benefits  or  income,  its  use 
in  economic  analysis  is  limited. 

Economic  analysis  is  concerned  with  when  resources  are  consumed  and  when 
their  benefits  occur.  Depreciation  does  not  provide  such  information. 
Depreciation  methodology,  however,  may  have  applications  in  estimating 
salvage  values.  To  yield  reasonable  results,  such  depreciation  must 
relate  the  asset's  age  to  its  actual  value.  Essentially  arbitrary 
depreciation  schemes  designed  for  tax  or  other  purposes  must  not  be  used 
for  calculating  salvage  values. 

F.  Inflation 

The  cost  of  resources  consumed  and  benefits  provided  are  measured  by  the 
yardstick  of  the  dollar.  This  yardstick  itself  often  changes  from  year 
to  year.  The  process  of  a  decreasing  (increasing)  value  of  the  dollar  is 
known  as  inflation  (deflation).  For  cost  or  benefit  estimates  to  be 
comparable  from  period  to  period  requires  that  a  constant  yardstick  of 
value  be  used.  This  may  be  achieved  by  measuring  everything  in  the 
dollars  of  any  particular  year. 
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Such  estimates  are  said  to  be  in  the  constant  dollars  of  a  particular 
year.  Estimates  where  the  benefits  or  costs  of  any  particular  year  are 
measured  in  the  dollars  of  that  particular  year  are  said  to  be  current 
dollar  estimates.  The  process  of  converting  current  dollar  values  to 
constant  dollar  values  is  explained  in  detail  in  Chapter  7. 

HI.  Life  Cycle  Cost  Model 

The  fundamental  cost  problem  is  to  determine  the  total  economic  costs  of 
proposed  alternative  future  investments  and  regulatory  actions.  The  life 
cycle  cost  model  accomplishes  this  objective.  It  systematically 
identifies  the  total  cost  to  the  government  and  public  of  establishing 
and  operating  or  complying  with  an  investment  project  or  regulation.  It 
also  specifies  when  during  an  activity’s  life  specific  costs  are 
incurred;  such  information  is  required  as  input  to  the  decision  criteria 
described  in  Chapter  5. 

This  section  develops  a  generalized  scheme  by  which  to  classify  the  costs 
of  proposed  investment  projects  and  regulations.  Costs  are  organized 
under  four  general  headings:  Research  and  Development  Cost,  Investment 
Cost,  Operations  and  Maintenance  Cost,  and  Termination  Cost.  Under  each 
heading  numerous  specific  costs  are  indicated.  The  classification  is 
deliberately  detailed,  being  Intended  to  cover  many  potential 
situations.  It  is  not  expected  that  all  items  identified  below  will  be 
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relevant  to  the  evaluation  of  any  particular  proposed  project  or 
regulation.  Also,  It  is  very  likely  that  costs  specific  to  particular 
projects  aay  be  omitted  below. 

A.  Research  and  Development  Costs  (R&D) 

This  category  sh  uld  include  all  costs  incurred  prior  to  procuring  the 
system  under  evaluation  or  issuing  a  final  regulation,  except  those  costs 
that  have  already  been  incurred  at  the  time  the  analysis  is  undertaken. 
Incurred  costs  are  sunk  costs  and  are  not  relevant  for  decisionmaking 
purposes*  Specific  types  of  typical  R&D  costs  are: 

o  Feasibility  Analysis 

o  Prototype  Hardware 

o  Test  Facilities 

o  Technical  Experiments 

o  Operational  Tests 

o  System  Design  and  Engineering 

o  R&D  Oriented  Software 

o  Modeling  and  Simulation 

o  Regulatory  Analysis  (prior  to  issuance  of  a  final  regulation) 

B.  Investment  Cost  (including  Facilities  and  Equipment) 

These  costs  are  initial  outlays  associated  with  getting  the  investment  or 
regulation  implemented  and  occur  early  on  in  an  activity's  lifetime. 

They  typically  consist  of  one  or  mors  of  the  following:  land,  facilities 
ami  equipment,  and  regulatory  implementation  costs* 
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Land 


Included  here  are  all  Interests  In  land  that  are  acquired  for  the 
project:  purchases,  leaseholds,  easements,  air  rights,  mineral  rights, 
etc. 


2.  Facilities  and  Equipment  (F&E) 

Facilities  consist  primarily  of  buildings  and  other  real  property 
improvements.  They  may  encompass  new  construction,  modifications  to 
existing  facilities,  and  leasehold  interests.  Equipment  consists  of 
items  required  to  accomplish  an  activity  other  than  facilities.  Examples 
of  FAA  equipment  are  the  non-facility  components  of  ARTS,  VOR,  and  the 
agency's  aircraft.  For  private  parties,  examples  are  avionics,  aircraft 
equipment,  and  aircraft  instrumentation.  Other  items  such  as  furniture 
or  tools  would  also  be  classified  as  equipment. 

Guidance  in  preparing  F&E  cost  estimates  for  many  established  FAA 
projects  is  contained  in  F&E  Cost  Estimating  Procedures  and  Summaries 
Handbook,  FAA  Order  6011. A,  September  23,  1976.  This  order  sets  out  a 
framework  for  estimating  the  F&E  cost  of  almost  any  FAA  project.  It 
contains  cost  estimates  for  many  established  F&E  programs.  Estimating 
techniques  for  several  common  cost  components  such  as  freight  and  factory 
inspections  are  also  provided.  Although  the  order  pertains  only  to  FAA 
F&E  costs,  the  framework  it  develops  may  be  useful  in  preparing  cost 
estimates  for  F&E  type  costs  which  investment  projects  or  regulations 
require  the  public  to  undertake. 
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FAA  fora  2500-40,  reproduced  here  ee  Figure  4-1,  contains  the  foraat 
prescribed  by  the  order  for  Baking  F&E  cost  estimates.  Although  the 
distinction  between  Washington  office  cost  and  regional  cost  is  largely 
arbitrary,  it  will  be  retained  here  because  much  existing  data  are 
classified  this  way.  In  Figure  4-1,  regional  costs  are  divided  into  five 
categories:  plant  engineering,  electronic  engineering,  construction 
costs,  electronics  Installation,  and  flight  inspection.  Each  of  these 
categories  consists  of  one  or  nore  cost  eleaents:  various  types  of  labor 
services,  flight  Inspection  services,  other  construction  or  installation 
costs,  and  land. 

All  labor  categories  aust  be  estimated  for  any  particular  project.  These 
should  be  adjusted  for  benefits  and  leave  usage  as  explained  below  under 
O&M  personnel  costs.  Flight  check  costs  should  be  based  on  use  of  light 
twin  turbojets  unless  larger  aircraft  will  be  required.  The  analyst  Is 
cautioned  that  these  estimates  may  need  to  be  adjusted  to  current  year 
dollars  in  that  the  order  is  not  updated  each  year.  (Techniques  to  make 
such  adjustments  are  in  Chapter  7).  Moreover,  the  dollar  estimates  in 
FAA  Order  6011.4  are  stated  in  current  dollars  of  the  fiscal  year  which 
is  two  years  later  than  the  date  of  publication  of  the  most  recent 
revision.  This  occurs  because  the  estimates  are  prepared  for  budget 
purposes,  and  budgets  are  developed  two  years  in  advance  of  anticipated 
expenditure. 
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Other  construction  costs  consist  of  regionally  funded  iteas  such  as  site 
preparation,  building  aaterials,  utilities  consumed  by  construction, 
cable  installations,  etc*  Land  includes  all  Interests  that  are  acquired 
for  the  project:  purchases,  leaseholds,  easeaents,  air  rights,  aineral 
rights,  etc.  Mote  that  Order  6011*4  considers  land  as  part  of  F4E  cost 
rather  than  a  separate  investaent  cost  coaponent,  as  indicated  by  this 
handbook.  This  reflects  the  relatively  sasll  aagnitude  of  aost  FM  land 
costs  relative  to  total  investaent  costs  and  is  appropriate  for  projects 
where  land  coats  are  relatively  saall*  Tor  projects  with  relatively 
large  land  costs,  it  is  recoaaended  that  a  separate  category  be 
identified  so  has  to  clearly  point  thsa  out. 

Washington  office  costa  represent  construction  aaterlal,  electronic 
equlpaant ,  and  initial  F6E  training.  Mote  that  the  saae  cautions  apply 
as  for  regional  cost.  FAA  Order  6011.4  contains  cost  estinates  for  aany 
projects.  The  order  also  presents  aethodology  for  estlaatlng  certain 
smaller  F*E  cost  components  where  actual  data  are  not  available: 

a.  Provisioning  Cost 

Provisioning  Costs  are  incurred  for  initial  spare  parts,  special  tools, 
special  test  equipment,  end  technical  documents.  When  actual  data  are 
unavailable,  the  following  information  may  be  used  to  develop  estimates 
in  relevant  situations. 
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TABLE  4-1 


PROVISIONING  COST  ESTIMATING  FACTORS 


Percent  of 

Equipment  Cost 

Equipment 

Excluding  Parts 
Common 

Part 8  Common 

RF  Communication  Equip*'”  ,t 

26 

4 

Other  Communication  Equipment 

16 

4 

ILS/VOR/TCACN/DME 

11 

4 

RADAR/ BEACON/RML 

26 

4 

RADAR  Displays 

24 

6 

E/G,  Lighting  System,  (feather 
and  related  equipment 

Sensors, 

5 

5 

Source:  F&E  cost  Eatlnatlng  Procedures  and  Summaries  Handbook,  FAA  Order 
6011.4,  September  23,  1976,  p.4. 


b.  Factory  Inspection 

Factory  Inspection  costs  are  incurred  vhen  FAA  procures  special  order 
equipment,  and  FAA  inspectors  are  sent  to  the  factory  to  ensure  that  It 
meets  government  specifications.  In  the  absence  of  actual  cost  data, 
these  costs  can  be  estimated  as  3  percent  of  the  cost  of  the  material 
being  procured. 
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c.  Freight 


Freight  represents  the  transportation  costs  to  get  materials  and 
equipment  to  the  project  sites.  When  actual  data  are  not  available,  this 
item  may  be  estimated  as  10  percent  of  the  cost  of  construction  materials 
and  3  percent  of  the  cost  of  electronic  equipment. 

d.  Initial  Training  (including  F&E  training) 

This  category  consists  of  initial  costs  incurred  to  train  employees  in 
the  installation,  known  as  F&E  training,  and  maintenance  of  new 
equipment.  Note  that  while  Form  2500-40  includes  only  F&E  training, 
initial  maintenance  training  should  be  included  as  part  of  F&E  investment 
cost  for  purposes  of  benefit-cost  analysis.  Initial  training  costs 
include  travel,  subsistence,  and  lodging  associated  with  training, 
instructional  costs,  and  compensation  of  employees  being  trained. 

e.  Initial  Travel 

These  are  the  travel  costs  associated  with  getting  the  activity  up  and 
going.  Although  not  indicated  by  a  separate  line  on  Form  2500-40, 
lodging  and  subsistence  costs  associated  with  F&E  investments  have  been 
included  in  the  regional  labor  cost  estimates  of  FAA  Order  6011.4.  It  is 
recommended  that  these  travel  costs,  together  with  direct  travel  costs 
such  as  airfares,  be  considered  in  a  separate  category. 
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3.  Regulatory  Implementation  Costs 

The  promulgation  of  a  regulation  will  often  Impose  investment  costs  on 
either  the  government,  the  public,  or  both.  All  of  these  costs  must  be 
considered  in  the  evaluation  of  a  regulation.  Although  Investment  costs 
imposed  by  regulations  can  potentially  include  any  type  of  cost,  most 
regulatory  investment  costs  will  consist  of  labor  and  equipment  costs. 

At  the  very  least,  a  new  regulation  will  require  an  investment  of 
employee  time  for  affected  parties  to  familiarize  themselves  with  the 
regulation  and  establish  a  system  for  complying  with  it.  In  other  cases, 
substantial  investment  will  be  required  in  training  or  equipment.  Por 
example,  the  establishment  of  a  Type  I  Terminal  Control  Area  requires 
that  all  aircraft  operating  within  it  equip  with  encoding  altimeters  and 
mode  C  transponders.  And  a  requirement  that  all  commercial  pilots  be 
Instrument  rated  will  require  an  investment  in  instrument  training  for 
those  commercial  pilots  not  instrument  rated  when  the  requirement  is 
established  and  all  new  commercial  pilots. 

Equipment  costs  may  be  estimated  using  the  methodology  suggested  for 
Facilities  and  Equipment  cost,  above.  Familiarization,  establishment  of 
compliance  procedures,  and  training  will  involve  primarily  employee  labor 
costs,  although  some  travel,  training  and  record  keeping  or  computer 
programming  costs  may  be  Involved.  Labor  costs  should  be  calculated  as 
defined  under  Personnel  Costs  on  page  4-15,  below.  Other  cost  elements 
must  be  estimated  on  a  case  by  case  basis.  In  most  cases,  the  use  of 
rules  of  thumb  in  estimating  other  cost  elements  is  precluded  by  the 
heterogeneity  of  regulations. 
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C.  Operations  and  Maintenance  Costs  (O&M) 


These  are  the  recurring  costs  required  to  operate  and  maintain  the 
proposed  investment  project  or  to  comply  with  the  proposed  regulation. 
These  costs  may  occur  annually  or  periodically  every  so  many  years. 

1.  Personnel  Costs 

These  are  a  major  component  of  recurring  costs.  They  must  be  incurred  to 
both  operate  and  maintain  any  investment  as  well  as  comply  with  many 
regulations. 

The  first  step  in  computing  personnel  costs  is  to  determine  the  annual 
labor  hours  required  by  type  of  skill.  These  hours  should  include  not 
only  direct  labor  but  such  other  items  as  recurring  training,  travel 
time,  break  time  etc.  Estimates  for  new  systems  or  regulations  can  be 
developed  based  on  engineering  data  or  previous  experience  with  similar 
types  of  undertakings.  For  existing  ones,  estimates  can  be  based  on 
actual  experience. 

A  potential  data  source  for  many  existing  FAA  systems  is  the  FAA's 
staffing  standards.  — ^The  staffing  standards  are  detailed  models 
relating  required  staffing  to  the  volume  of  work  required  to  be  done. 


T7  Air  Traffic  Staffing  Standards  System,  FAA  Order  1380. 33B,  March  10, 
1980;  Airways  Facilities  Sector  Level  Staffing  Standard  System,  FAA 
Order  1380. 4QA,  August  1980;  and  Staffing  Standards — Flight  Standards 
Field  Regulatory  Programs,  FAA  Order  1380.28A,  November  1975. 
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Each  contains  information  on  the  staff  required  to  provide  specific 
services  or  maintain  specific  equipment.  While  potentially  very  useful, 
the  analyst  is  cautioned  to  carefully  screen  staffing  standard  data  for 
suitability  for  the  analysis  at  hand.  At  times,  it  may  contain 
assumptions  or  procedures  which  are  inappropriate  for  benefit-cost 
analysis. 

The  second  step  is  to  adjust  the  required  labor  hours  for  annual  leave, 

sick  leave,  and  other  absences.  For  many  existing  FAA  systems,  this  may 

be  accomplished  based  on  estimates  for  these  factors  contained  in  the 

Staffing  Standards.  In  other  situations  involving  federal  employees, 

required  labor  may  be  adjusted  upwards  by  18  percent,  based  on  Office  of 

2/ 

Personnel  Management  data.  —  For  private  sector  employees,  a 

3/ 

9.2  percent  upward  adjustment  should  be  made.  — 

The  third  step  is  to  compute  the  effective  compensation  rate  for  each 
labor  category.  This  requires  that  the  stated  compensation  rates  for 
each  skill  category  be  determined.  Government  employees  are  paid  with 
respect  to  either  the  Wage  Board  (WB)  or  General  Schedule  (GS)  pay 
scales.  Stated  compensation  for  Wage  Board  employees  is  expressed 
directly  In  hourly  rates.  General  Schedule  compensation  is  expressed  in 


77  Cost  Comparison  Handbook,  Supplement  No.  1  to  0MB  Circular  No.  A-76, 
March  1979,  p.  21. 

31  Statistical  Abstract  of  the  United  States:  1980,  Table  710. 
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annual  salaries*  These  must  be  divided  by  2080 — the  number  of  hours  in  a 
work  year — to  obtain  hourly  rates*  Private  sector  employee  stated 
compensation  rates  can  be  determined  based  on  WB  or  GS  compensation  rates 
for  equivalent  skills  or  other  data  which  may  be  available  on  a  case  by 
case  basis.  For  project  or  regulation  evaluation  purposes,  compensation 
levels  associated  with  GS  step  S  and  WB  step  3  should  be  used.  If  the 
project  or  regulation  involves  labor  requirements  at  times  other  than  the 
regular  work  day,  such  additional  items  as  night  differential  or  weekend 
pay  should  be  added  to  the  basic  compensation  rates  to  the  extent  they 
are  expected  to  occur.  Post  differentials,  such  as  those  paid  to 
employees  serving  in  Alaska,  should  also  be  Included. 

Effective  compensation  rates  are  obtained  by  adjusting  stated 
compensation  rates  to  reflect  th<*  value  of  various  fringe 
benefits — allowances  and  services  provided  to  employees  as  compensation 
in  addition  to  the  wages  or  salaries  used  in  determining  the  stated 
hourly  or  annual  rate  of  pay.  These  may  be  grouped  into  three 
categories:  retirement  and  disability,  health  and  life  insurance,  and 
other  benefits.  Current  acceleration  factors  for  each  are  indicated  in 
Table  4-2  for  permanent  employees  under  civil  service  retirement  and  for 
private  sector  employees.  The  factors  given  for  private  sector  employees 
are  an  average  for  the  overall  private  sector.  Because  benefits  vary 
widely  in  the  private  sector,  more  specific  data  should  be  used  when 
estimating  effective  compensation  levels  for  specific  private  sector 
employees  when  such  data  is  available. 
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The  reader  should  note  that  the  absence  and  benefit  factors  given  for 
permanent  Government  employees  are  not  comparable  with  those  given  for 
the  private  sector*  The  Government  workforce  does  not  mirror  the  private 
workforce  but  tends  to  consist  of  higher  than  average  skill  level 
employees*  In  the  private  sector,  such  employees  tend  to  receive  higher 
than  average  benefits  and  paid  absences* 

TABLE  4-2 


FRINGE  BENEFIT  FACTORS 


Category 

Percent 

Permanent  Government  Private  Sector 

Retirement  and  Disability 

20. 4* 

13.6 

Health  and  Life  Insurance 

3.7* 

5.4 

Other  Benefits 

1.91 

4*0 

Total 

26.  OX 

23.0 

Source:  Cost  Comparison  Handbook.  Supplement  No*  1  to  OMB  Circular 
No*  A-76,  March  1979,  p.  24,  and  Statistical  Abstract  of  the  United 
States:  1980.  Table  710,  as  adjusted  for  Social  Security  tax  changes. 

For  federal  employees  who  are  not  under  the  Civil  Service  Retirement 
System  (normally  temporary  employees),  stated  cosipensation  rates  should 
be  adjusted  to  reflect  the  government's  share  (as  employer)  of  Social 
Security  taxes  (FICA).  These  rates  change  from  time-to-time  and  are 
applicable  for  each  employee  only  up  to  a  maximum  salary.  Where  such 
estimates  must  be  made,  care  should  be  exercised  that  current  tax  rates 
are  used  and  that  the  rates  are  applied  only  to  wages  below  the  maximum 
applicable  salary* 
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The  fourth  and  final  step  is  to  translate  annual  labor  requirements  for 
each  required  skill  into  dollars.  This  Li  accomplished  by  multiplying 
the  annual  labor  hours  required  (from  step  '.)  by  the  appropriate 
effective  hourly  compensation  rate  (as  determined  in  step  3). 

2.  Materials 

Materials  are  made  up  of  such  items  as  repair  parts,  small  tools, 
lubricants,  and  other  items  which  are  consumed  annually  by  the  operation 
and  maintenance  of  a  system.  For  FAA  systems,  O&M  materials  costs  are 
classified  under  two  headings:  "spare  and  repair  parts”  and  "other 
objects."  Spare  and  repair  parts  are  supplied  through  the  depot  in 
Oklahoma  City.  Costs  associated  with  a  particular  project  may  be 
obtained  from  ALG-240.  Other  objects  are  provided  by  the  FAA  regional 
organization  and  Include  all  other  required  material  costs.  Costs 
specific  to  a  particular  project  may  be  obtained  from  AAF-150. 

3.  Utilities 

Included  here  are  the  costs  of  electricity,  gasoline,  natural  gas,  water, 
etc.  Estimates  of  these  expenses  for  the  initial  year  of  implementation 
should  be  baBed  on  current  experience  for  existing  systems  and 
engineering  estimates  for  new  systems.  Future  estimates  should  be  made 
by  adjusting  initial  year  estimates  for  anticipated  future  experience. 
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4.  Recurring  Travel  and  Transportation 


This  item  represents  the  direct  costs  of  travel  and  transportation 
necessary  to  undertake  a  project.  It  consists  of  such  items  as  airfares, 
subsistence  payments,  lodging,  and  depreciation  and  operating  costs  of 
government  vehicles.  It  does  not  include  wages  or  salaries  paid  to 
employees  while  in  travel  status;  these  are  defined  to  be  included  in 
personnel  costs  above. 

5.  Recurring  Training 

This  category  represents  training  costs  to  maintain  employees'  skills  and 
to  train  new  employees.  It  includes  training,  specific  travel  costs, 
and,  for  FAA  undertakings.  Academy  costs.  It  may  be  defined  either  to 
include  or  omit  compensation  to  employees  being  trained.  It  is 
important,  however,  that  such  compensation  be  included  either  here  or 
under  personnel  cost  and  that  double  counting  be  avoided. 

D.  Termination  Costs 

1.  Dismantling  Costs 

These  are  the  costs.  If  any,  required  to  disassemble  and  remove  old 
equipment  at  the  end  of  Its  lifetime. 
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Site  Restoration 


This  is  the  cost,  if  any,  to  restore  the  site  on  which  the  old  equipment 
was  located  to  its  original  or  near  original  condition*  It  may  involve 
grading  of  earth,  reforestation,  or  landscaping. 

E.  Salvage  Value 

Salvage  value  is  the  value,  if  any,  of  the  project  equipment  to  the 
government  at  the  end  of  the  expected  project  life.  Note  that  it  is 
treated  here  as  an  offset  to  termination  costs. 

F.  Relationship  of  Cost  Components 

Figure  4-2  presents  an  "idealized"  summary  of  major  life  cycle  cost 
components  over  an  activity's  life.  While  not  all  activities  will  follow 
this  patteru.  more  will  resemble  this  pattern  than  any  other  pattern.  As 
indicated,  research  and  development  costs  Increase  every  year  from 
project  Inception  up  until  the  beginning  of  the  investment  phase,  after 
which  they  rapidly  diminish*  Investment  costs  need  follow  no  particular 
pattern  except  that  they  occur  over  a  relatively  short  period.  Operating 
and  maintenance  costs  rise  rapidly  following  initial  investment  as 
facilities  and  equipment  of  the  project  are  brought  on-line  or  a 
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regulation  la  fully  implemented.  After  the  Investment  phase  Is 
completed,  operating  and  maintenance  costs  will  continue  to  rise  slowly 
as  a  result  of  increasing  equipment  age*  Near  the  end  of  the  project 
life,  operating  and  maintenance  costs  decline  as  equipment  is  retired. 
Retirement  also  gives  rise  to  termination  costs  and  salvage  value. 
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CHAPTER  5 


MULTI-PERIOD  ECONOMIC  DECISION  CRITERIA 

I.  Requirement  to  Discount 

This  chapter  presents  methodology  with  which  to  make  the  comparison  of 
investment  or  regulatory  alternatives  required  by  step  6  of  the  economic 
analysis  process.  The  methodology  accounts  for  the  characteristic  that 
benefits  and  costs  occur  over  a  number  of  years •  It  explicitly 
recognizes  that  otherwise  equal  benefits  or  costs  which  occur  at 
different  points  in  time  will  not  be  equal  when  viewed  from  a  coonon 
point  in  time ^  Generally,  a  benefit  will  be  worth  more  the  sooner  It  Is 
received,  and  a  cost  will  be  less  the  longer  It  is  deferred.  This 
economic  phenomena  is  the  result  of  two  factors:  the  productivity  of 
capital  and  the  time  preference  of  economic  decision  makers. 

An  observed  fact  of  economic  life  is  that  production  processes  which 
employ  capital— buildings,  machines,  organized  methods  such  as  assembly 
lines,  etc. — are  frequently  more  productive  than  other  production 
methods.  Such  methods  are  not  only  able  to  recover  the  costs  of  the 
resources  to  build  the  capital,  but  return  something  in  addition  to 
this.  This  additional  return,  known  as  the  net  productivity  of  capital, 
provides  an  incentive  to  undertake  every  activity  for  which  it  exists. 
Unfortunately,  there  are  Insufficient  resources  to  carry  out  all  such 
projects. 
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At  any  particular  time,  the  quantity  of  resources  in  an  economic  system  is 
fixed.  They  may  be  divided  between  current  consumption  and  capital 
investment,  which  Implies  future  consumption.  However,  there  is  a  general 
predisposition  for  people  to  prefer  current  consumption  over  future 
consumption,  or  to  have  a  positive  time  preference.  In  very  poor 
subsistence  level  economic  systems,  immediate  consumption  of  everything,  or 
almost  everything,  may  be  necessary  for  survival*  But  even  in  wealthier 
systems,  either  because  of  general  impatience,  or  the  ever  present 
probability  of  death,  or  some  other  reason,  people  are  willing  to  Invest  in 
the  future  only  to  a  limited  degree. 

As  a  consequence,  only  some  of  the  many  activities  capable  of  returning 
more  than  their  cost  can  be  undertaken.  Rational  decision  making  requires 
that  those  activities  with  greater  returns  over  cost  be  undertaken  before 
those  with  smaller  returns  until  all  lnvestable  resources  are  exhausted. 

The  last  activity  undertaken  before  exhausting  the  lnvestable  resources 
should  have  a  return  less  than  or  equal  to  all  activities  actually 
undertaken  and  greater  than  or  equal  to  all  activities  not  undertaken. 

This  level  of  return,  known  as  the  marginal  rate  of  return  of  capital, 
represents  the  prevailing  level  of  capital  productivity  that  can  be 
achieved  at  any  particular  time  by  investing  resources.  Because  any 
Investment  undertaken  can  earn  at  least  this  rate,  it  is  the  opportunity 
cost  of  making  an  investment.  The  marginal  rate  of  return  on  capital  is 
commonly  expressed  as  an  annual  rate,  and  will  be  referred  to  here  as  the 
discount  rate. 
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The  need  Co  discount  arises  because  resources  currently  available  can  be 
invested  and  a  larger  amount  obtained  in  a  future  period.  Any  future 
amount  must  be  diminished  to  reflect  the  present  amount  required  to  be 
invested  to  yield  •  future  amount.  Before  proceeding,  it  is  emphasized 
that  the  requirement  to  discount  does  not  depend  upon  the  existence  of 
inflation.  Rather  it  arises  from  the  productivity  of  capital  and  the 
acarcity  of  investable  resources.  Even  in  an  inflationless  world, 
discounting  is  required.  The  appropriate  treatment  for  inflation  in 
investment  analysis  will  be  discussed  in  Chapter  7. 

II.  Discounting  Methodology 

For  a  period  of  one  year,  an  Investment  can  be  expected  to  grow  at  some 
rate,  as  shown  by  equation  (5-1): 

02  -  I  +  rl  -  I  (1  +  r)  (5-1) 

where:  I  “  the  Investment’s  initial  value, 

Oj*  the  investment's  value  in  one  year,  and 
r  “  the  growth  rate. 

For  a  period  of  two  years,  investment  growth  is  given  by: 

02  -  I  (1  +  r)(l  +  r)  -  X  (1  +  r)2  (5-2) 
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Here  the  growth  rate  la  applied,  In  succession,  twice  because  the 
investment  Is  allowed  to  grow  for  two  years*  Similarly,  for  a  period  of  n 
years  the  growth  rate  la  applied  n  times: 


0n  -  I  (1  +  r)n  (5-3) 

The  significance  of  equation  (5-3)  Is  that  it  Indicates  the  extent  to  which 

resources  Invested  today  (1)  can  be  transformed  into  outputs  in  the  future 

(0  )  for  any  growth  rate  r.  By  dividing  through  by  (1  +  r)n,  the 
n 

equation  also  Indicates  the  amount  of  current  resources  (1)  required  to 
produce  future  outputs  (0q)  in  n  years: 


(5-4) 


It  is  equation  (5-4)  that  is  relevant  to  discounting*  Once  a  minimum 

acceptable  r  is  established,  the  maximum  acceptable  resource  value  required 

to  produce  an  expected  output  of  0q  can  be  estimated*  Or  in  other  words, 

I  is  the  present  value  of  0  after  being  discounted  over  n  years  at  rate 

n 

r.  As  will  be  explained  below,  if  the  actual  resourcee  required  to  produce 
0q  are  less  than  or  equal  to  I,  the  project  is  worth  undertaking*  If 
they  are  more,  it  is  not  worth  doing* 
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Equation  (5-4)  can  be  extended  to  a  situation  where  outputs  ere  generated 
and  resources  consumed  in  aore  than  ona  period*  This  requires  that  several 
equations — one  for  each  year — of  the  fora  of  (5-4)  be  added  together,  as  in 
(5-5): 


I1  ♦  l2  «■ 


n 


(1-rr 


(it  r 


(1  *rf 


(5-5) 


where:  1 


1 


the  initial  inveataent  associated  with  outputs  In  year  1. 


By  defining  0(  as  the  difference  between  benefits  (*t)  and  coats  (C() 
in  year  t  and  their  discounted  value  as  their  net  present  value,  equation 
(5-5)  aay  be  rewritten  in  its  usual  fora: 


k  (B-C)4 


NPV  -  l 


t*o  (l+r)* 


k  Bt 
*  *  — *-r 

t«o  ( 1+r ) 


\  _X_ 

t»o  (l+r) 


(5-6) 


where:  NPV  -  the  discounted  net  present  value  of  a  series  of  outputs  and 
resource  inputs,  and 

k  -  the  total  nuaber  of  periods  In  the  evaluation  period  of  the 
project  or  regulation. 
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III.  Evaluation  Procedure 


A.  Discount  Rate 

As  noted  above,  the  discount  rate  should  represent  the  generally  prevailing 
rate  of  return  on  capital  In  the  private  sector.  For  purposes  of 
evaluating  U.S.  Governaent  Investment  activities,  the  Office  of  Management 
and  Budget  has  specified  that  this  rate  Is  approximately  10  percent.  The 
0MB  determination,  contained  in  (MO  Circular  No.  A-94  of  March  27,  1972,  is 
based  on  estimates  of  the  rate  of  return  to  capital  in  the  private  sector 
of  the  U.S.  economy  before  federal  Income  taxes  and  net  of  inflation. 

B.  Net  Present  Value 

To  compute  NPV,  each  element  of  the  summation  of  (5-6)  must  be  evaluated. 
The  first  step  is  to  estimate  the  value  of  activity  benefits  each  year  for 
each  alternative.  Next,  the  costs  for  each  alternative  must  be  estimated 
and  subtracted  from  the  benefit  estimates.  (Procedures  for  estimating 
benefits  and  coats  are  developed  in  Chapters  3  and  4,  respectively.)  The 
resulting  net  benefit  in  each  period  t  wist  then  be  discounted— divided  by 
(1  +  r)c — and  the  resulting  values  added  up  to  obtain  the  net  present 
value  of  the  alternative.  Because  the  values  of  (1  ♦  t)1  are  used 
repeatedly  in  analysis  after  analysis,  they  have  been  calculated  and 
published  in  tables.  Table  5-1  presents  an  example  of  such  table 
calculations;  detailed  tables  are  contained  in  Appendix  C. 


TABLE  5-1 


REPRESENTATIVE  END  OF  PERIOD  DISCOUNT  FACTORS  FOR 
10  PERCENT  DISCOUNT  RATE 


Years  From 

Present 

Factor 

0 

l/U+.l)0  -  1.000 

1 

l/Cl+.l)1  -  .909 

2 

l/U+.l)2  -  .826 

3 

l/(l+.l)3  -  .751 

4 

l/(l+.l)4  -  .683 

5 

l/U+.l)5  -  .621 
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Up  to  now  it  has  been  implicitly  assumed  that  all  benefits  or  costs  occur 
at  the  end  of  a  period  and  are  discounted  for  this  period  to  reflect 
receipt  at  the  period's  end.  Actually,  several  assumptions  are  commonly 
employed  with  respect  to  when  benefits  or  costs  occur  within  each 
period.  The  most  conservative  assumption — yielding  the  lowest  NPV  for 
given  streams  of  benefits  and  costs — is  to  assume  that  all  costs  occur  at 
the  beginning  of  a  period  and  all  benefits  at  the  end.  This  assumption 
involves  discounting  the  stream  of  benefits  by  one  more  time  period  than 
the  stream  of  costs.  That  is,  costs  incurred  in  the  first  time  period 
are  not  discounted  at  all  while  benefits  in  this  period  are  discounted  by 
one  period;  in  the  second  period,  costs  are  discounted  by  one  period  and 
benefits  by  two  periods,  and  so  on.  This  assumption  is  commonly  used 
with  financial  calculations  where  money  is  advanced  at  the  beginning  of  a 
period  and  paid  back  at  the  end  of  the  period  with  interest. 

Another  common  assumption  is  to  assume  that  all  benefits  and  costs  occur 
at  the  mid-point  of  a  period.  Such  a  procedure  attempts  to  approximate 
the  reality  that  benefits  and  costs  occur  throughout  each  period  for  most 
investment  activities.  The  discounting  procedure  involves  applying  the 
discount  factor  for  half  a  period  in  the  first  period,  one  and  a  half 
periods  in  the  second  period,  and  so  on.  Table  5-2  presents  an  example 
of  such  factors.  In  practice  such  factors  need  not  be  used.  All  that  is 
necessary  is  to  discount  using  end  of  year  factors  and  then  multiply  the 
results  by  1.048609.  Multiplication  by  this  factor,  equal  to 
l/(l+.l)  ,  has  the  effect  of  moving  all  the  end  of  year  discounted 

values  closer  to  the  present  by  a  half  a  year. 
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TABLE  5-2 


REPRESENTATIVE  MID-PERIOD  DISCOUNT  FACTORS  FOR 
10  PERCENT  DISCOUNT  RATE 


Years  From  Factor 


Present 


0 

l/U+.i)0  -  l.o 

1 

1/(1+*1)1/2  -  .953 

2 

l/U+.l)1  1/2  .  .867 

3 

l/U+.l)2  l/2  -  .788 

4 

l/U+.l)3  l/2  -  .716 

5 

1/C1+.1)4  l/2  -  .651 

5 


The  final  assumption  commonly  employed  is  that  benefits  and  costs  occur 
continuously  over  the  period  and  are  discounted  continuously  over  the 
period.  This  procedure  explicitly  recognizes  that  benefits  and  recurring 
costs  very  likely  occur  throughout  a  period,  rather  than  at  its  beginning 
or  end.  Moreover,  one-time  costs  projected  to  occur  in  the  more  distant 
years  of  an  activity's  life,  such  as  major  overhauls  or  modifications, 
are  unlikely  to  occur  only  on  anniversary  dates.  The  continuous 
procedure  assumes  an  equal  probability  of  the  occurrence  of  such  one-time 
costs  throughout  the  year.  Representative  discount  factors  are  presented 
in  Table  5-4;  complete  tables  are  contained  in  Appendix  C.  The  computa¬ 
tion  of  these  factors  is  beyond  the  scope  of  this  handbook.  The  inter¬ 
ested  reader  is  referred  to  any  standard  engineering  economics  text.  — 

From  a  practical  point  of  view,  the  mid-period  and  continuous  procedures 
are  about  the  same.  Either  can  be  used  to  approximate  the  continuous 
characteristic  of  benefit  and  cost  streams.  Also,  there  is  not  a  large 
difference  between  the  end  of  period  discounting  and  either  mid-period  or 
continuous  discounting — slightly  less  than  5  percent  at  a  10  percent 
discount  rate.  And  assuming  costs  to  occur  at  the  beginning  of  the 
period  and  benefits  at  the  end  haB  the  effect  of  increasing  costs 
relative  to  benefits  by  ten  percent.  The  relatively  small  changes 
produced  by  changing  discounting  procedures  suggests  that,  with  respect 
to  project  and  regulation  evaluation,  any  of  the  methods  is  acceptable. 


For  example:  E.  Paul  DeGarino  and  John  R.  Canda,  Engineer it 
Economy,  Fifth  Edition,  MacMillan  Company,  New  York,  1973, 
pp.  143-146. 
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TABLE  5-4 

REPRESENTATIVE  CONTINUOUS  DISCOUNT  FACTORS 
FOR  CONTINUOUS  FLOWS  AT  10  PERCENT  DISCOUNT  RATE 


Years  Froa 

PresenC 

Factor 

0 

.954 

1 

.867 

2 

.788 

3 

.717 

4 

.652 

5 

.592 
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However,  the  aid-period  or  continuous  procedures  have  conceptual  appeal 
because  they  explicitly  recognize  the  continuous  nature  of  benefits  and 
costs.  It  Is  recoamended  that  one  of  these  two  aethods  be  utilized. 

C.  Special  Cases 

The  computation  procedures  for  determining  NPV  can  be  simplified 
substantially  In  two  special  situations.  The  first  Is  where  the  flow  of 
benefits  and  costs  each  period  are  equal  and  occur  for  a  finite  number  of 
periods.  In  such  cases,  the  present  value  of  the  streaas  is  given  by: 

k 

NPV  -  I  F  (B-C)  (5-7) 

t*o  c 

Where:  Fc  ■  the  appropriate  discount  factor  at  a  given  Interest  rate 
for  the  period  t  periods  froa  today,  as  discussed  above  In  Section  IIIB 
and  given  In  Tables  C-l  and  C-2  of  Appendix  C. 

Because  (B-C)  is  constant  across  all  periods,  It  aay  be  reaoved  from  the 
summation  to  yield  (5-8): 

k 

NPV  -  (B-C)  r  F  (5-8) 

t-o  1 

k 

Values  for  I  F  for  various  discount  rates  and  values  of  k  are 
t«o 

tabulated  In  Tables  C-3  and  C-4  in  Appendix  C.  Given  the  evaluation 
period  of  an  activity,  k,  and  the  discount  rate,  the  analyst  need  only 
determine  the  appropriate  value  froa  the  table  and  multiply  It  by  the 
annual  net  benefit  Mount  to  deteralne  NPV. 
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A  second  special  case  occurs  when  Che  flow  of  benefits  and  costs  each 
period  are  equal  and  occur  forever.  Such  a  situation  is  known  as  a 
perpetuity.  The  present  value  of  such  a  stream  can  be  calculated  very 
easily  by  dividing  the  flow  per  period  by  the  discount  rate,  as  indicated 
by  equation  (5-9).  The  computation  is  particularly  convenient  when  using 
the  OMB  prescribed  discount  rate  of  10  percent;  it  is  only  necessary  to 
shift  the  decimal  point  of  the  per  period  flow  to  the  right  by  one 
place.  Also,  note  for  convenience  that  (5-8)  can  be  approximated  by 
(5-9)  when  the  discount  rate  is  10  percent  and  the  number  of  periods 
greater  than  30  with  an  error  of  about  5  percent  or  less. 

NPV  «  (B-C)/r  (5-9) 

D.  Evaluation  Period 

The  number  of  years  over  which  the  benefits  and  costs  of  an  investment  or 
regulation  should  be  considered  may  be  designated  as  the  evaluation 
period.  This  period  may  be  defined  with  respect  to  either  the  length  of 
time  over  which  the  good  or  service  to  be  produced  will  be  required  or 
the  economic  life  of  the  investment  required  to  produce  it.  The  choice 
of  method  is  dependent  on  the  circumstances  of  the  analysis.  Because 
either  method  will  yield  the  same  results,  the  choice  can  be  made  based 
on  considerations  of  practicality. 
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Three  time  periods  are  of  concern  in  determining  the  evaluation  period: 
requirement  life,  physical  life,  and  economic  life.  The  requirement  life 
is  that  period  over  which  the  benefits  of  the  good  or  service  to  be 
provided  or  mandated  by  regulation  will  be  greater  than  the  costs  of 
producing  it.  It  can  be  for  a  very  short  period  of  time  such  as  a 
requirement  to  provide  special  air  traffic  control  services  to  an  air 
show  held  at  an  otherwise  uncontrolled  airport.  Or  it  may  be  for  a  very 
long  period  of  time  such  as  the  provision  of  en  route  surveillance  radar 
coverage.  From  a  practical  point  of  view,  requirement  lives  in  excess  of 
30  years  can  be  regarded  as  infinite;  the  costs  and  benefits  occurring  in 
the  periods  beyond  30  years  are  discounted  to  the  degree  of  being 
insignificant. 

The  physical  life  is  that  period  for  which  facilities  and  equipment  can 
be  expected  to  last.  It  is  to  a  considerable  degree  under  the  control  of 
the  decisionmaker.  Not  only  can  alternative  facilities  and  equipment 
with  different  physical  lives  resulting  from  inherent  quality  differences 
be  procured,  but  maintenance  policies  can  be  varied  to  alter  an  asset's 
physical  life  after  it  has  been  put  in  service. 

The  economic  life  is  that  period  over  which  an  asset  can  be  expected  to 
meet  the  requirements  for  which  it  was  acquired  at  the  lowest  achievable 
cost.  Thus,  by  definition,  economic  life  is  less  than  or  equal  to 
requirement  life.  Economic  life  may  be  equal  to  physical  life  but  it  is 
frequently  less.  If  less,  this  indicates  that  it  is  not  efficient  to 
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operate  the  asset  as  long  as  possible.  Rather,  it  is  cheaper  to  replace 
it.  The  need  to  replace  often  occurs  as  the  consequence  of  ever  rising 
maintenance  costs,  particularly  for  relatively  old  items.  Estimates  of 
economic  lives  should  be  based  on  actual  information  where  possible.  In 
the  absence  of  such  information,  the  guidelines  in  Table  5-4  may  be 
used.  Note  that  these  guidelines  are  deliberately  short  so  as  to 
minimize  the  periods  over  which  benefits  can  be  attributed  to  any  given 
capital  expenditure.  Longer  useful  lives  may  be  used  where  they  can  be 
justified. 

Although  the  evaluation  period  may  be  defined  with  respect  to  either 
requirement  life  or  economic  life,  investment  projects  or  regulations 
requiring  specified  investments — design  regulations — are  usually 
evaluated  over  their  economic  lives.  Use  of  the  requirement  life  method 
would  require  the  assumption  that  the  facilities  and  equipment  would  be 
replaced  at  the  end  of  each  economic  life  period  forever.  Such 
assumption,  while  not  improper,  would  add  little  to  the  analysis. 
Moreover,  it  might  obscure  the  fact  that  equipment  performance  is  likely 
to  improve  with  time  and  that  better  performance,  lower  cost  replacements 
are  likely  to  be  available  in  the  future. 

Analysis  of  regulations  which  mandate  provision  of  a  good  service  but 
which  do  not  specify  the  method  of  production  are  known  as  performance 
regulations.  They  cannot  be  evaluated  over  the  economic  life  of  the 
required  investments  because  the  equipment  has  not  been  specified  and  its 
life  is,  thus,  unknown.  Performance  regulations  should  be  evaluated  over 
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TABLE  5-4 


USEFUL  LIFE  GUIDELINES 


Item 

Useful  Life  In  Years 

Aircraft 

10 

Equipment,  Electrical 

15 

Equipment,  Mechanical 

10 

Structures,  Permanent 

25 

Structures,  Temporary 

20 

Derived  From:  Department  of  the  Navy,  Facilities  Engineering  Command, 

Economic  Analysis  Handbook.  July  1980,  p.  14;  Department  of 
the  Treasury,  Internal  Revenue  Service,  Revenue  Procedure 
77-10,  1977,  and  Department  of  Transportation,  Capital 
Stock  measures  for  Transportation,  December  1974,  Volume  I, 
Chapter  5. 


i 
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the  requirement  life.  The  length  of  time  for  which  e  regulation  is 
required  must  be  determined  on  a  case  by  case  basis.  In  those  cases 
where  it  is  anticipated  that  the  mandated  new  good  or  service  will  become 
a  permanent  part  of  the  NAS,  the  requirement  life  may  be  treated  as 
infinite. 

Regardless  of  the  evaluation  period  selected,  it  should  extend  over  the 
same  number  of  years  for  each  alternative.  This  is  necessary  because 
benefits  and  costs  are  flows  and  must  be  measured  with  respect  to  time. 

In  certain  situations,  it  will  not  be  possible  to  compare  alternatives 
with  the  same  number  of  time  periods.  This  situation  frequently  arises 
when  an  existing  facility  is  being  compared  with  replacements.  The 
existing  facility  will  continue  to  be  functional  for  sometime;  however, 
its  physical  life  probably  will  not  extend  beyond  the  economic  life  of 
the  new  replacement  alternatives.  Techniques  for  dealing  with  this  type 
of  situation  are  presented  in  Section  IV-C. 
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IV.  Alternative  Decision  Criteria 


A.  Net  Present  Value 

The  net  present  value  (NPV)  criterion  requires  that  equation  (5-6)  be 
evaluated  for  all  Investment  or  regulatory  alternatives.  The  criterion 
provides  that  the  alternative  to  be  undertaken  (1)  have  a  positive  NPV 
and  (2)  be  that  one  which  has  the  highest  NPV  of  all  alternatives. 
Condition  (1)  insures  that  the  activity  is  worth  undertaking;  that  is,  it 
contributes  more  in  benefits  than  it  absorbs  in  costs.  Condition  (2) 
results  in  the  optimum  amount  of  benefits  being  produced  at  the  lowest 
achievable  cost.  The  NPV  criterion,  then,  answers  both  of  the  economic 
questions — what  to  produce  and  how  to  produce  it. 

As  an  illustration  of  the  application  of  NPV,  consider  the  following 
example.  Several  nondirectional  radio  beacons  (NDB's)  provide  instrument 
approaches  to  several  airports.  The  users  of  those  NDB's  enjoy  benefits 
equal  to  i200,000  per  year.  The  costs  of  maintaining  the  NDB's  equals 
$100,000  per  year.  It  is  expected  that  the  NDB's  can  continue  in  service 
another  30  years  with  negligible  increases  in  operating  and  maintenance 
costs. 

Four  alternatives  are  being  considered  as  replacements  for  the  NDB's. 
Alternative  A  is  to  replace  the  existing  NDB's  with  instrument  landing 
systems  (ILS)  costing  $30  million  to  acquire  and  $1  million  to  maintain 
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annually.  Alternative  B  also  involves  ILS  replacements  for  the  NDB’s. 
It  costs  $25  million  to  acquire  and  $1.3  million  to  maintain  annually, 
the  difference  owing  to  a  different  geographic  configuration. 
Alternatives  C  and  D  are  VHF  Omnirange  (VOR)  installations.  Costs  are 
shown  in  the  Table  below. 


TABLE  5-5 

ALTERNATIVE  NAVIGATION  AIDS 
(millions  of  constant  dollars) 


Alternative 

Initial  Costs 

Annual  0&M 

Annual  Benefits 

Existing  NDB's 

-0- 

0.1 

0.2 

A  —  ILSi 

30.0 

1.0 

5.0 

B  —  ILS 2 

25.0 

1.3 

4.5 

C  —  VORj 

20.0 

1.6 

4.0 

D  —  V0R2 

15.0 

2.0 

3.0 

The  varying  amounts  of  benefits  for  each  alternative,  including  the 
existing  NDB’s,  result  from  the  fact  that  more  users  will  be  better 
served  by  the  more  sophisticated  ILS  system  than  the  VOR  system  and  more 
users  better  served  by  both  the  ILS  and  the  VOR  installations  than  by  the 
existing  NDB  system. 

Using  the  OMB  prescribed  10  percent  discount  rate  and  assuming  a  lifetime 
of  30  years  for  all  alternatives,  we  find  the  present  value  of  costs, 
benefits,  and  their  difference,  the  NFV.  As  can  be  seen  from  Table  5-6, 
alternative  A  is  the  best  one  because  it  results  in  the  greatest  surplus 
of  benefits  over  costs  of  all  the  alternatives. 


TABLE  5-6 


PRESENT  VALUE  OF  COSTS  AND  BENEFITS 
(alllioas  of  constant  dollars) 


Alternative 

Initial 

Costs 

Annual 

Costs 

Total 

Costs 

Total 

Benefits 

Benefits  Minus 
Costs 

Existing  NDB's 

-0- 

0.94 

0.94 

1.89 

.95 

A  --  ILSX 

30.00 

9.43 

39.43 

47.14 

7.71 

B  —  ILS2 

25.00 

12.26 

37.26 

42.42 

5.16 

C  —  VORi 

20.00 

15.08 

35.08 

37.71 

2.63 

D  —  V0R2 

15.00 

18.85 

35.85 

28.28 

-5.57 

B.  Benefit-Cost  Ratio 


Another  investment  criterion  is  the  benefit-cost  ratio.  It  is  defined  as 
the  present  value  of  benefits  divided  by  costs,  and  is  given  by  equation 


(5-10)  - 


B/C 


k  t 

r  - - 

t»o  ( 1+r ) 
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t»o  ( 1+r ) 

The  ratio  indicates  the  present  value  of  the  dollar  benefits  that  will 
result  per  present  value  of  dollars  invested.  A  proposed  activity  with  a 
ratio  of  at  least  one  will  return  at  least  as  such  in  benefits  as  it 
costs  to  undertake.  This  corresponds  to  having  a  positive  or  zero  net 
present  value  and  indicates  that  an  activity  is  worth  undertaking. 


~Tj  Equation  (5-10)  is  written  using  discrete,  end  of  period  dis¬ 
counting.  It  could  also  be  stated  in  terns  of  any  of  the  other 
discounting  conventions  discussed  above  in  Section  IIIB  of  this 
chapter. 
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While  the  benefit-cost  ratio  criterion  provides  a  correct  answer  to  the 
first  economic  question  of  which  objectives  should  be  undertaken — defined 
as  those  with  ratios  greater  than  or  equal  to  unity — it  often  falls  to 
correctly  answer  the  second  question  of  how  to  accomplish  the  objectives 
most  efficiently.  The  difficulty  arises  in  chosing  between  competing 
alternatives  to  accomplish  a  particular  objective  which  are  mutually 
exclusive;  that  is,  selection  of  one  of  them  precludes  selection  of  any 
of  the  others. 


Again,  consider  the  example  of  replacing  a  system  of  NDB's  with  VOR's  or 
ILS's.  Table  5-7  reproduces  the  NPV  values  from  Table  5-6;  it  also 
presents  benefit-cost  ratios  for  the  same  altenatives.  As  can  be  seen, 
the  results  are  quite  different.  As  with  the  NPV  criterion,  every 
alternative  other  than  D  produces  more  in  benefits  than  it  costs. 

However,  the  benefit-cost  ratio  criterion  indicates  that  the  existing  NDB 
system  be  retained  because  it  yields  the  greatest  excess  of  benefits  over 
costs.  The  outcome  is  contrary  to  the  NPV  criterion  which  indicated  that 


TABLE  5-7 


PRESENT  VALUES  OF  BENEFITS  AND  COSTS 
AND  BENEFIT  COST  RATIOS 


(millions  of  constant  dollars) 


Alternative 

Benefits 

Costs 

Benefits  Minus 
Costs 

Benefits  + 

Costs 

Existing  NDB 

1.89 

.94 

.95 

2731 

A  —  ILSi 

47. 14 

39.43 

7.71 

1.20 

B  —  ILS2 

42.42 

37.26 

5.16 

1.14 

C  —  VOR2 

37.73 

35.08 

2.63 

1.08 

D  —  VOR2 

28.28 

33.85 

-5.57 

.84 
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the  NDB's  be  replaced  by  the  more  expensive  ILS  system — alternative  A. 

It  Is  also  wrong.  If  the  alternative  with  the  highest  benefit-cost  ratio 
Is  selected.  It  will  provide  an  opportunity  to  earn  the  greatest  return 
on  the  resources  actually  Invested.  But  selecting  It  will  preclude 
earning  a  positive,  albeit  smaller  return,  on  additional  resources  that 
alght  be  invested  under  one  of  the  other  alternatives.  Only  if  all  the 
alternatives  have  the  same  present  value  of  costs  will  selecting  the 
ratio  with  the  highest  value  produce  the  economically  correct  reault. 

C.  Uniform  Annual  Value 

As  an  alternative  to  net  present  value,  benefit  or  cost  values  may  be 
expressed  as  annual  uniform  values  (UAV).  This  Involves  dividing  the 
present  value  of  a  stream  of  benefits  or  costs  by  the  Bame  factor  that 
was  multiplied  by  a  constant  valued  stream  In  equation  (5-8)  to  obtain  a 
present  value: 


UAV 


NPV 


I  F 
t»o 


(5-11) 


The  factors  denoted  by  l/£  f  are  known  as  capital  recovery  factors. 

t«o  1 

They  may  be  computed  by  taking  the  reciprocal  of  the  values  contained  In 
Tables  C-3  and  C-4  of  Appendix  C. 


The  uniform  annual  method  will  produce  answers  to  the  economic  questions 
which  are  identical  to  those  produced  by  the  NPV  method.  This  follows  by 
virtue  of  the  fact  that  all  the  present  values  computed  under  the  NPV 
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net hod  need  be  only  divided  by  the  sane  constant  to  convert  the  results 
to  a  uniform  annual  basis*  Table  5-8  presents  the  exaaple  of  navigation 
aids  expressed  on  a  uniform  annual  cost  basis*  Also  reported  are  ratios 
of  annual  uniform  benefits  and  costs;  note  that  the  ratios  are  identical 
to  those  produced  by  taking  the  corresponding  ratios  of  present  values  as 
reported  in  Table  5-6. 

Historically,  the  UAV  method  was  widely  used  for  many  years,  particularly 

by  civil  engineers.  Its  widespread  use  probably  had  its  origin  in 

Wellington's  classic  work.  The  Economic  Theory  of  Railway  Location 

(1887).  Wellington  published  during  a  time  when  most  engineers  worked 

for  railways  during  at  least  part  of  their  career,  and  he  Influenced  the 

thinking  of  the  entire  engineering  profession.  Grant,  whose  first  book 

3/ 

on  engineering  economy  was  published  in  1930,  —  prefers  to  use  the  UAV 
method  when  making  comparisons.  However,  in  more  recent  years  there  has 
been  a  shift  away  from  uniform  annual  values  to  net  present  value.  This 
handbook  recommends  that  NPV  be  used  instead  of  uniform  annual  values. 

Not  only  does  the  NPV  method  focus  attention  on  the  total  net  benefits  to 
flow  from  an  activity,  it  also  explicitly  identifies  the  present  value  of 
all  costs  of  an  undertaking.  Such  explicit  recognition  of  costs, 
discussed  in  Chapter  4,  is  known  as  lifecycle  costing.  It  is  required  by 
OMB  and  Departmental  directives  (see  Appendix  A). 


37  Eugene  L.  Grant  and  W.  Grant  Ireson,  Principles  of  Engineering 
Economy ,  The  Ronald  Press  Company,  New  York  1964. 
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TABLE  5-8 


UNIFORM  ANNUAL  VALUE  OF  BENEFITS  AND  COST 
AND  THEIR  RATIOS 


Alternative 

Uniform 

Annual 

Benefits 

Uniform 

Annual 

Costs 

Uniform  Annual 
Benefits  Minus 
Costs 

Uniform  Annual 
Benefits  4-  Uniform 
Costs 

Existing  NDB 

.20 

.10 

.10 

2.01 

A  —  ILSi 

5.00 

4.18 

.82 

1.20 

B  —  ILS2 

4.50 

3.95 

.55 

1.40 

C  —  ILSi 

4.00 

3.72 

.28 

1.08 

D  —  1LS2 

3.00 

3.59 

-.59 

.84 

A  special  UAV  application  la  an  exception  to  the  general  preference  for 
NPV.  In  those  situations  where  the  alternative  methods  of  accoaplishlng 
the  objective  have  unequal  lives  and  (1)  the  cost  estimates  associated 
with  the  lifetime  of  any  particular  alternative  may  be  repeated  In  the 
future  for  as  many  lifetimes  as  required  and  (2)  the  period  of  required 
services  Is  either  indefinitely  long  or  of  a  length  of  time  equal  to  a 
common  multiple  of  the  various  alternatives,  the  UAV  method  can  be  used 
to  determine  which  alternative  is  best*  This  requires  that  the 
difference  between  uniform  annual  benefits  and  costs  be  computed  as 
Indicated  In  equation  (5-11)*  Where  benefits  are  identical  for  all 
alternatives,  the  same  result  nay  be  obtained  by  computing  only  uniform 
annual  costs  and  selecting  the  lowest.  It  should  be  noted  that  where  the 
objective  requires  provision  of  a  service  to  a  specific  future  date,  the 
UAV  method  should  not  be  used.  Rather,  the  NPV  method  should  be  computed 
for  each  alternative  over  the  required  time  period. 
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D.  Internal  Rate  of  Return 


The  Internal  rate  of  return  (IRR)  Is  defined  as  that  discount  rate  which 
equates  the  present  value  of  the  streaa  of  expected  benefits  In  excess  of 
cost  to  zero*  In  other  words ,  It  Is  the  highest  discount  rate  at  which 
the  project  will  not  have  a  negative  NPV.  To  apply  the  criterion.  It  is 
necessary  to  compute  the  IRR  and  then  compare  It  with  OMB  prescribed 
10  percent  discount  rate.  If  the  IRR  la  greater  than  or  equal  to 
10  percent  the  project  should  be  undertaken  for  its  NPV  is  non-negative* 
If  the  IRR  is  less  than  10  percent,  the  project  has  a  negative  NPV  and 
should  not  be  undertaken. 

While  the  IRR  method  Is  effective  in  deciding  whether  or  not  a  project  is 

worth  undertaking.  It  is  difficult  to  utilize  In  ranking  projects  and  In 

deciding  between  competing  mutually  exclusive  alternatives.  It  Is  not 

unusual  for  ranking  established  by  the  IRR  method  to  be  inconsistent  with 

those  of  the  NPV  criterion*  Moreover,  it  is  possible  for  a  project  to 

have  more  than  one  IRR.  Although  the  literature  on  capital  budgeting 

contains  solutions  to  these  problems,  these  are  often  complicated  or 

difficult  to  employ  in  practice  and  present  opportunities  for  error.  As 

a  consequence,  It  is  not  recommended  that  the  IRR  method  be  used  for  FAA 

4/ 

Investment  or  decision-making  purposes.  — 


TJ  See  6.  David  Qulrin,  The  Capital  Expenditure  Decision,  Richard  D. 

~  Irwin,  Inc.,  Homewo&sfTllinoit  1967,  pp.  46-$5,  and  Jack  Rirshlelfer, 
Investment,  Interest t  and  Capital.  Prentice-Hall,  Inc.,  Englewood 


CHAPTER  6 


SENSITIVITY  ANALYSIS 

I.  Concept  of  Sensitivity  Analysis 

The  outcome  of  an  analysis  will  depend  on  numerous  estimates,  forecasts, 
assumptions,  and  approximations  to  reality*  Each  of  these  factors  has 
the  potential  to  introduce  error  into  the  results.  The  importance  of 
such  errors  in  affecting  the  outcome  of  the  analysis  must  be  known  to  the 
decisionmaker  if  Informed  decisions  are  to  be  made  and  confidence  placed 
in  such  decisions.  Moreover,  the  degree  of  uncertainty  associated  with 
each  alternative  is  Itself  a  factor  to  be  considered  in  selecting  between 
competing  alternatives.  This  chapter  presents  methodology,  known  as 
sensitivity  analysis,  for  dealing  with  the  imprecision  and  uncertainty 
characterizing  most  economic  analyses  of  proposed  investment  projects  and 
regulations. 

The  basic  approach  is  to  vary  key  assumptions,  estimates,  and  forecasts 
systematically  over  appropriate  ranges  and  observe  the  Impact  on  the 
results.  For  certain  items,  the  impact  nay  be  insignificant  while  for 
others  it  may  be  quite  large.  In  some  cases  the  relative  desirability  of 
competing  alternatives  may  be  altered  while  in  others  it  will  not  be. 

The  actual  procedure  for  varying  a  parameter  depends  on  whether  or  not  it 


nay  be  described  by  a  known  probability  distribution  or  not*  If  so, 
probability  statements  can  be  made  about  each  value  selected  and  the 
outcome  of  the  analysis*  Such  an  approach  is  known  by  convention  as  risk 
analysis*  If  the  probability  distribution  for  each  parameter  is  not 
known,  alternative  values  of  the  parameter  are  selected  over  a  range  over 
which  it  is  known  or  believed  reasonable  for  it  to  vary*  Probability 
statements  regarding  the  likely  occurrence  of  any  particular  value  of  the 
parameter  are  not  possible*  This  approach  is  known  as  uncertainty 
analysis* 

There  are  several  ways  in  which  the  analysis  can  be  accomplished*  Each 
depends  on  how  the  key  assumptions,  estimates,  and  forecasts  are  varied. 
One  procedure  is  to  vary  only  one  at  a  time,  holding  the  others  constant 
so  as  to  determine  the  independent,  or  partial,  effect  of  this 
parameter.  This  procedure  is  known  as  a  one  variable  uncertainty  test* 

A  second  procedure  is  to  vary  two  parameters  simultaneously  and  is  known 
as  a  two  variable  uncertainty  test.  Similarly,  three,  four  and  more 
variable  uncertainty  tests  can  be  constructed.  These  can  easily  produce 
large  amounts  of  data  and  require  the  decisionmaker  to  consider  an  exces¬ 
sively  large  rnasber  of  outcomes*  An  alternative  is  to  allow  all  parame¬ 
ters  to  vary  together  in  several  predetermined  patterns,  each 
representing  a  relevant  probable  future  state  of  affairs*  This  procedure 
is  known  as  alternative  scenario  analysis*  The  following  sections  will 
examine  one  and  two  variable  uncertainty  analysis  and  alternative 
scenario  analysis. 
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II.  One  Variable  Test 


This  procedure  should  be  applied  to  the  major  coat  and  benefit  components 
of  each  alternative.  Its  primary  purpose  is  to  identify  the  sensitivity 
of  the  net  present  value  of  each  alternative  to  changes  in  value  of  each 
component.  This  permits  additional  effort  to  be  devoted  to  improving  the 
reliability  of  estimates  for  those  components  to  which  the  results  are 
sensitive.  Where  reliability  cannot  be  improved,  it  puts  the 
decisionmaker  on  notice  as  to  potential  weaknesses  of  the  economic 
analysis. 

To  carry  out  the  one  variable  tests,  the  NPV  of  each  alternative  must  be 
recalculated  for  different  values  of  any  one  particular  component  while 
the  others  are  held  constant.  The  range  of  values  should  extend  over 
those  that  can  reasonably  be  expected  to  prevail.  Where  a  probability 
distribution  for  the  component  of  Interest  Is  known,  this  range  may  be 
established  by  a  confidence  interval  (usually  90  or  95  percent).  Where 
such  a  distribution  is  unknown,  the  range  should  extend  from  the  smallest 
to  the  largest  value  that  could  reasonably  be  expected  to  occur.  The 
process  should  be  repeated  for  each  major  component  to  be  tested. 

Once  these  computations  have  been  completed,  the  problem  arises  as  to  how 
to  display  the  results.  If  only  a  small  number  of  components  were 
tested,  a  tabular  display  nay  be  appropriate.  If  more  components  were 
varied,  a  graphical  display  is  often  useful.  Consider  the  following 


example  of  a  Runway  End  Identifier  Light  (REIL)  system.  Estimates 
indicate  that  Installation  of  the  system  on  a  particular  runway  trill 
generate  benefits  and  coats  over  a  15  year  economic  life  with  present 
values  of  145,430  and  $35,430,  respectively,  for  a  net  present  value  of 
$10,000.—/  These  estimates  are  baaed  on  four  basic  forecast  variables: 
traffic  growth,  economic  life,  facilities  and  equipment  cost,  and 
operations  and  maintenance  cost.  Figure  6-1  indicates  the  Impact  on  NPV 
that  will  occur  if  each  of  these  items  is  allowed  to  vary  over  a  range  of 
plus  or  minus  100  percent  while  the  others  are  held  constant.  (Note  that 
the  F&E  line  and  the  0&M  line  approximately  coincide  and  are  represented 
as  a  single  line  in  the  figure.  This  is  merely  a  coincidence  and  will 
not  happen  in  general.) 

As  can  be  seen.  Increases  in  F&E  or  0&M  costs  of  about  55  percent  will 
result  in  a  negative  NPV  indicating  that  the  project  should  not  be 
undertaken.  Shortening  the  economic  life  by  about  55  percent  will  also 
result  in  the  NPV  becoming  negative.  Changes  in  traffic  growth  will  not 
effect  the  desirability  of  the  project  unless  projected  growth  declines 
by  about  90  percent.  From  this  Information,  the  decisionmaker  can  con¬ 
clude  that  the  project  will  have  a  positive  NPV  unless  there  are 
subetantial  changes  in  the  key  variables. 

T7  Estimates  based  on  data  contained  in  "Establishment  Criteria  For 

Runway  End  Identification  Lights  (REIL),"  FAA-ASP-79-4,  D.S.  Depart¬ 
ment  of  Transportation,  November  1979. 
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Two  Variable  Test 


The  one  variable  test  permits  examination  of  one  factor  holding  all 
others  constant.  At  times  It  may  be  useful  to  let  two  factors  change  at 
the  same  time.  Such  changes  may  be  expected  to  occur  together. 

Or  it  may  be  necessary  to  determine  the  extent  to  which  a  change  in  one 
factor  can  be  offset  by  a  change  in  another.  Again,  consider  the  REIL 
example,  but  let  both  economic  life  and  F&E  cost  vary  together. 

As  indicated  in  Figure  6-2,  a  different  curve  relating  NPV  to  economic 
life  may  be  constructed  for  each  different  level  of  F&E  spending.  For 
any  given  NPV,  it  is  clear  that  an  increase  in  F&E  cost  requires  a  longer 
economic  life.  Specifically,  to  maintain  an  NPV  of  $10,000  in  the  face 
of  a  50  percent  increase  in  F&E  cost  from  $17,700  to  $26,550  requires 
that  the  economic  life  be  extended  7  years  to  22  years.  Similarly,  a 
decrease  in  F&E  cost  of  50  percent  to  $8,650  permits  a  reduced  economic 
life  of  9  years  while  maintaining  a  NPV  of  $10,000. 

A  useful  application  of  this  information  would  be  in  deciding  between  two 
quality  levels  of  a  proposed  REIL  installation,  the  existing  one  and  a 
hypothetical  one  of  higher  quality  expected  to  provide  a  longer  economic 
life.  If  the  higher  quality  one  had  a  higher  Initial  price  of  $26,550 
(50  percent  greater  than  the  existing  standard  of  $17,700),  it  would  have 
to  have  an  expected  economic  life  of  at  least  22  years  for  it  to  be 
accepted  in  place  of  the  standard.  If  the  life  were  less  than  22  years, 
the  NPV  associated  with  the  higher  quality  system  would  be  less  than  that 
of  the  standard  system. 
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FIGURE  6-2 


TWO  VARIABLE  UNCERTAINTY  TEST 


FE*$0  FE«$8850 


{-lOOt)  (-50*) 


FE«17700 


FE-26550 
(♦50*) 


FE-35400 

(♦100*) 


loonoole  Lift  (Years) 


IV.  Alternative  Scenarios 

The  two  variable  test,  above.  Is  a  special  case  of  a  multiple  variable 
test.  Consider  the  following  abstract  case: 

NPV  -  f  (Xx,  X2,  X3,  ...»  Xn)  (6-1) 

Where  X^*  all  the  n  key  variables  and 

f  ■  a  function  relating  the  key  variables  to  net  present 
value. 

In  the  two  variable  case,  two  of  the  X^'s  are  allowed  to  vary  while  the 
others  are  held  constant.  Multiple  variable  tests  could  Instead  be 
carried  out  by  solving  (6-1)  for  large  numbers  of  combinations  of  values 
for  all  of  the  X^s.  While  possible,  so  many  values  for  NPV  would  be 
generated  that  it  would  be  difficult  if  not  impossible  to  deal  with 
them.  An  alternative  procedure  is  to  select  several  combinations  of  the 
X^'s  and  evaluate  these.  Each  such  combination  is  known  as  a 
scenario. 

Scenarios  should  be  designed  to  cover  the  entire  range  of  likely  out¬ 
comes.  The  range  of  outcomes  should  be  bounded  by  a  most  favorable  and  a 
worst  possible  scenario.  Intermediate  ones  should  be  designed  for  other 
outcomes*  If  possible,  one  of  these  should  be  designated  as  most 
likely*  In  addition,  if  sufficient  information  is  available,  probabil¬ 
ities  may  be  assigned  to  each  scenario. 
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Because  each  scenario  represents  a  potential  outcome,  the  combination  of 
X  values  that  define  a  scenario  should  be  consistent  with  each  other. 

(If  they  are  not,  then  the  scenario  does  not  represent  a  possible 
outcome.)  tfhile  it  is  impossible  to  determine  and  avoid  all  possible 
inconsistencies,  obvious  ones  can  be  avoided.  In  the  example  of  the  REIL 
system,  it  would  not  be  reasonable  to  define  a  scenario  in  which  traffic 
(and  thus  benefits)  was  substantially  above  current  forecasts  and 
operating  cost  (electricity  and  transportation)  also  Increased 
substantially  as  a  result  of  oil  price  increases.  Such  oil  price 
Increases  could  be  expected  to  increase  the  cost  of  flying,  which  could 
be  expected  to  restrict  traffic  growth,  not  Increase  it. 

2/ 

The  FAX  Aviation  Forecasts  —  makes  projections  of  aviation  activity 
under  four  alternative  scenarios:  (1)  Baseline,  (2)  Wharton  Econometric 
Forecast,  (3)  Economic  Expansion,  and  (4)  Stagflation.  Each  is  based  on 
a  different  set  of  economic  and  social  factors.  The  Baseline  represents 
the  current  Administration's  economic  assumptions.  The  Intent  of  the 
others  is  to  reflect  what  could  happen  to  aviation  if  the  determining 
economic  and  social  forces  should  deviate  from  those  underlying  the 
Baseline.  These  scenarios  may  be  useful  in  generating  alternative 
benefit  estimates  for  proposed  Investments  and  regulations. 


~TJ  FAA  Aviation  Forecasts,  D.S.  Department  of  Transportation,  current 
year* 
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CHAPTER  7 


INFLATION 

I.  Introduction 

The  performance  of  economic  analysis  requires  that  benefits  and  costs  be 
measured.  The  yardstick  of  measurement  is  the  dollar.  This  yardstick 
must  remain  unchanged  for  all  quantities  measured  if  resulting 
measurements  are  to  be  meaningful  and  comparable  with  each  other.  But 
the  value  of  the  dollar  is  rarely  constant  from  one  year  to  the  next. 
Changes  in  the  prices  of  goods  and  services  continuously  effect  the 
purchasing  power  of  the  dollar.  This  chapter  deals  with  how  to  correct 
for  changes  in  the  value  of  the  dollar  over  time  in  order  that  the  same 
yardstick  of  value  can  be  applied  to  benefits  and  costs  occurring  in 
different  years. 

II.  Measuring  Inflation 

Changes  in  the  value  of  the  dollar  over  time  with  respect  to  any 
particular  commodity  or  group  of  commodities  are  measured  using  an  index 
number.  Such  a  number  is  a  measure  of  relative  value.  It  indicates  the 
price  of  any  particular  commodity  or  group  of  commodities  in  one  year 
relative  to  its  value  In  some  other  year.  By  convention.  Index  numbers 
are  usually  computed  as  the  ratio  of  this  price  in  one  year  divided  by 
the  price  in  the  base  year.  The  resulting  ratio  is  then  multiplied  by 
100  to  produce  the  index  number.  Repeating  the  process  for  a  number  of 
years  results  in  a  series  of  index  numbers. 
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To  grasp  the  methodology  of  working  with  index  numbers,  consider  the 
Gross  National  Product  (GNP)  Implicit  Price  Deflator,  which  is  reported 
in  Table  7-1  for  1970  through  1980.  Note  first  that  1972  has  a  value  of 
100.  Known  as  the  base  year,  it  is  an  arbitrary  selection  which  is 
changed  from  time  to  time.  It  indicates  that  all  other  values  are 


TABLE  7-1 


GROSS  NATIONAL  PRODUCT  IMPLICIT  PRICE  DEFLATOR 
(1970  -  1980) 


Year 

Index 

1970 

91.45 

1971 

96.01 

1972 

100.00 

1973 

105.69 

1974 

114.92 

1975 

125. 56 

1976 

132.11 

1977 

139.83 

1978 

150.05 

1979 

162.77 

1980 

177.36 

Source:  Survey  of  Current  Business.  Bureau  of  Economic  Analysis, 
Department  of  Commerce,  Published  monthly. 


measured  relative  to  1972  being  equal  to  100.  For  example  the  1977  value 
of  the  index  of  139.83  means  that  the  price  level  in  1977  was  39.83 
percent  higher  than  it  was  in  1972,  which  is  readily  apparent  from 
inspection.  It  Is  not  readily  apparent,  however,  how  much  graater  the 
1979  price  level  is  than  it  was  in  1970.  This  can  be  easily  computed  as 
78.0  percent  by  dividing  the  1979  value  by  the  1970  value:  162.77/91.45 
“  1.780.  Moreover,  the  entire  index  may  be  reatated  in  terms  of  any  other 
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base  year  by  dividing  each  value  by  that  of  the  new  base  year*  Annual 
changes  may  be  computed  by  dividing  each  value  by  that  of  the  previous 
year  and  subtracting  unity*  For  example,  the  rate  of  price  change 
between  1975  and  1974  is:  (125. 56/114. 92 )-l  -  9.26*. 

To  make  adjustments  for  price  level  changes  requires  that  the  concepts  of 
constant  dollars  and  current  dollars  be  understood.  Current  dollar 
estimates  are  expressed  in  the  price  level  of  the  year  In  which  the 
resource  flows  they  represent  occur.  They  are  the  actual  amount  spent  or 
received.  Constant  dollar  estimates  represent  the  same  value  as  current 
dollar  estimates  but  as  measured  by  the  yardstick  of  the  price  level  of  a 
fixed  reference  year.  Constant  dollars  can  be  specified  in  terms  of  any 
reference  year  that  is  desired. 

To  convert  a  series  expressed  in  current  dollars  to  constant  dollars  of  a 
particular  year  requires  that  all  numbers  in  the  series  be  adjusted  for 
price  level  changes  except  the  one  that  actually  occurred  in  the  year  of 
the  dollars  to  which  the  adjustment  is  being  made.  This  requires  two 
steps.  First  the  price  index  must  be  transformed  so  that  its  year  is  the 
one  in  which  the  constant  dollars  are  to  be  stated.  As  previously  noted, 
this  is  accomplished  by  dividing  the  price  index  through  by  its  value  in 
the  desired  base  year.  The  second  step  is  to  convert  the  subject  series 
to  constant  dollars.  This  requires  that  it  be  divided  by  the  values 
produced  by  step  1.  The  procedure,  as  applied  to  the  FAA  budget 
appropriation,  is  illustrated  in  Table  7-2.  To  convert  constant  dollars 
to  current  dollars  requires  that  the  procedure  be  reversed.  First  the 
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deflator  aerlea  auat  be  divided  by  lte  value  In  the  year  In  which  the 
conatant  dollara  are  expreaaed  and  Multiplied  by  the  conatant  dollar 
aerlea* 


TABLE  7-2 


CONVERSION  OF  FAA  APPROPRIATIONS  FROM 
CURRENT  DOLLARS  TO  CONSTANT  1975  DOLLARS 
(dollara  In  allllona) 


Tear 

- m - 

GNP  Deflator 
(1972-100) 

— U) - *7 

GNP  Deflator 
(1975-100) 

- U5 - 

Appropriationa 
In  current 
Dollara 

- C*5 F - 

Appropriationa  in 
1975  Conatant 
Dollara 

g|B']  K5- 5HHB 

i76$ 

1971 

96.01 

76.47 

1,787 

2337 

1972 

100.00 

79.64 

1,901 

2387 

1973 

105.69 

84.17 

1,852 

2200 

1974 

114.92 

91.53 

1,935 

2114 

1975 

125.56 

100.00 

2,078 

2078 

1976 

132.11 

105.22 

2,274 

2161 

1977 

139.83 

111.37 

2,566 

2295 

1978 

150. 05 

119.50 

2,793 

2337 

1979 

162.77 

129.64 

3,150 

2430 

1980 

177.36 

141.26 

3,274 

2318 

Source:  Survey  of  Current  Bualneaa.  Bureau  of  Econoalc  Anelyala, 
Departaent  of  Coaaerce,  publlahed  Monthly,  and  FAA  Stetlatlcel  Handbook, 
Federal  Aviation  Adalnlatretion,  Calendar  Tear  1979,  Table  1.1* 

m/  Divide  coluan  (1)  by  125.56  end  Multiply  by  100. 
b/  Coluan  (3)  divided  by  (coluan  (2)/l00). 


Another  converelon  likely  to  be  encountered  In  practice  la  the  tranafor- 
aatlon  of  a  aerlea  froa  the  conatant  dollara  of  one  year  to  thoae  of 
another.  Thle  la  eaally  accoapllahed  by  aultlplylnf  the  conatant  dollar 


•erics  by  Che  redo  of  Che  price  Index  Cera  for  Che  desired  year  Co  Che 
price  Index  Cera  for  Che  year  In  which  1C  la  currendy  expressed,  where  Che 
base  year  of  Che  price  index  Is  arbitrary.  For  exaaple,  Co  convert  che 
1975  consCanC  dollar  series  In  coluan  (4)  of  Table  7-2  from  1975  conaCanC 
dollara  co  1979  conaCanC  dollars  requires  that  each  number  In  it  be 
multiplied  by  129.64/100  (or  162.77/125.56). 

111.  Sources  of  Price  Indexes 

Numerous  different  price  indexes  are  published  by  private  and  governmental 
organisations.  They  are  available  for  aany  narrowly  defined  commodities 
and  service a  as  well  as  for  broader  classifications  ranging  In  scope  from 
selected  4-diglt  SIC  Code  ~  industries  up  to  the  overall  economy.  This 
section  identifies  several  Indexes  that  nay  be  of  use  to  agency  analysts. 
They  are  organised  by  categories  relevant  to  potential  FAA  economic 
analyses.  These  indexes  are  intended  only  as  suggestions.  Available 
Information  and  the  specific  situation  should  govern  the  actual  Indexes 
selected  for  any  particular  inflation  adjustment  problem. 


77  Industries^ are  classified  by  the  Standard  Industrial  Classification 

Manual  1972,  Office  of  Management  and  Budget,  1972.  The  classification 
system  operates  In  such  a  way  that  the  definitions  become  progressively 
narrower  with  successive  additions  of  numerical  digits.  The  broadest 
classifications  contain  2  digits  and  the  narrowest  7  digits. 
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A.  General  Price  Level 


The  Gross  National  Product  (GNP)  Implicit  Price  Deflator  represents  changes 

2/ 

In  the  prices  of  all  goods  and  services  produced  in  the  United  States.  — 
Because  of  its  broad  coverage,  it  is  widely  regarded  as  the  best  single 
measure  of  changes  in  the  general  price  level.  It  is  compiled  by  the 

Department  of  Commerce.  Data  for  the  most  recent  three  years  are  published 

3/ 

in  the  Survey  of  Current  Business;  —  older  data  are  reprinted  in 

4/ 

Business  Statistics.  —  The  entire  series  is  also  reprinted  annually  in 
the  Economic  Report  of  the  President.  — 

B.  Economic  Sector  Price  Levels 


Price  levels  of  sectors  of  the  economy  represented  by  the  various 
components  of  Gross  National  Product  are  measured  by  the  respective 
deflator  for  each  component.  Component  deflators  likely  to  be  of  Interest 
to  agency  analyats  are  thoae  for  fixed  investment,  nonresidentlal 
structures,  end  government  purchases  of  goods  and  services.  These 
component  deflators  are  published  in  the  same  sources  as  the  GNP  deflator. 


17  Technically,  the  GNP  Implicit  Deflator  is  not  a  conventional  price 
index.  It  is  not  computed  by  pricing  a  standardized  assortment  of 
goods  and  services  i.  two  different  time  periods.  Rather,  it  is  the 
ratio  of  current  GNP  valued  at  today's  prices  divided  by  current  GNP 
valued  in  the  prices  of  the  previous  year. 

V  Survey  of  Current  Business.  Bureau  of  Economic  Analysis,  Department  of 
Commerce,  Washington,  D.C.,  published  monthly. 

6/  1977  Business  Statistics,  Bureau  of  Economic  Analysis,  Department  of 
Commerce,  Washington,  D.C.,  March  1978. 

if  Economic  Report  of  the  President,  Council  of  Economic  Advisers, 
Washington,  D.<J. ,  published  annually  in  January. 
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C.  Construction 


Ssversl  widely  known  Indexes  of  construction  costs  srs  svsllsble  In 
addition  to  ths  Implicit  deflator  for  lnvastasnt  in  nonresldentlal 
structures*  The  Boeckh  Indexes  ere  compiled  monthly  by  the  American 
Appraisal  Company.  They  represent  construction  costs  for  three  types  of 
buildings:  (1)  apartments,  hotels,  end  office  buildings,  (2)  commercial 
and  factory  buildings,  *nd  v3)  residences.  The  Engl nee rlng-Hews  Record 
publishes  monthly  its  Building  Cost  Index.  It  represents  the  price  of 
constant  quantities  of  skilled  labor,  structural  steel,  lumber,  and 
cement.—^  It  1*  *f»ii»*2e  separately  for  20  U.S.  cities  and  each  December 
is  forecast  for  the  next  twelve  months. 

The  Federal  Highway  Administration  publishes  e  quarterly  index  of  highway 
construction  costs.  It  Is  based  on  pricing  of  three  components  of  highway 
construction:  common  excavation,  surfacing,  and  structures.  All  of  these 
Indexes  are  reproduced  in  the  Survey  of  Current  Business.  In  addition,  the 

Department  of  Commerce  publishes  a  composite  construction  index  of  these 

.  v  7/ 
and  others.  — 


TJ  For  a  detailed  description  of  the  Index,  see  "Materials  and  Labor  Cost 
Trends  in  the  U.S.,  Engineering  Hews-Bacord ,  (March  19,  1981) 
pp.  132-137. 

TJ  For  a  summary  of  the  details  relating  to  each  of  these  indexes,  see 
Business  Statistics,  1977  Edition.  Department  of  Commerce,  March  1978, 
pp.  £6-57  of  the  Explanatory  iCe-tes  to  the  Statistical  Series. 
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D.  Energy 


As  a  component  of  the  Producer  Price  Index,  the  Bureau  of  Labor  Statistics 
compiles  monthly  indexes  for  the  prices  of  coal,  coke,  gas  fuels,  electric 
power,  crude  petroleum,  and  refined  petroleum  products,  as  well  as  a 

8/ 

composite  of  them.  These  are  published  in  The  Monthly  Labor  Review.  — 

E.  Electronics 

Also  contained  in  the  Producer  Price  Indexes  are  several  components 

representing  electric  and  electronic  devices.  The  broadest  category  is  for 

electrical  machinery  and  equipment.  It  represents  such  items  as  wiring 

devices,  instruments,  motors,  transformers,  switching  gear,  electric  lamps, 

and  electronic  components  and  accessories.  An  index  for  each  of  these 

subcomponents  is  also  available.  The  electric  and  electronic  devices  index 

is  published  in  the  Monthly  Labor  Review  and  the  subcomponent  indexes  in 

9/ 

Producer  Prices  and  Price  Indexes.  —  In  addition.  Indexes  for  specific 
SIC  electronics  industries — electron  receiving  tubes  (SIC  Code*367l), 
semiconductors  (SIC  Code"3674),  electronic  capacitors  (SIC  Code*3675), 
electronic  resistors  (SIC  Codea3676),  and  electronic  connectors  (SIC 
Code*3678) — are  also  provided  in  each  of  these  publications. 

TJ  The  Monthly  Labor  Review,  Bureau  of  Labor  Statistics,  Department  of 
Labor,  published  monthly. 

9/  Producer  Prices  and  Price  Indexes,  Bureau  of  Labor  Statistics, 

~  Department  of  Labor,  published  monthly. 
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IV.  Treatment  of  Inflation  In  Benefit-Cost  Analysis 

As  a  general  rule,  inflation  should  not  be  permitted  to  affect  the  outcome 
of  benefit-cost  analyses.  Such  studies  are  concerned  with  real  quanti¬ 
ties — resources  consumed  and  benefits  provided.  The  dollar  is  used  only  as 
the  yardstick  of  value  measurement.  Because  changes  in  the  unit  of 
measurement  cannot  affect  the  relationship  between  the  real  quantities, 
allowing  price  changes  to  enter  the  analysis  will  distort  the  results. 

This  section  presents  methodology  for  ensuring  that  inflation  does  not 
enter  benefit-cost  analyses  and  produce  such  distortions. 

A.  Period  Between  Analysis  Date  and  Project  Start  Date 

The  selection  of  the  yardstick  of  value  measurement  is  arbitrary.  The 
constant  dollars  of  one  year  are  as  good  as  the  constant  dollars  of  any 
other  year  as  far  as  the  economics  of  the  analysis  goes.  However,  for 
practical  considerations  it  is  recommended  that  the  constant  dollars  of  the 
year  of  the  analysis  be  selected  as  the  unit  of  measurement.  This 
procedure  is  a  natural  approach  because  it  permits  benefits  and  costs  to  be 
valued  at  their  current  prices.  Moreover,  it  avoids  the  need  to  transform 
current  prices  into  past  or  future  year  dollars  and,  with  respect  to  future 
years,  the  need  to  forecast  inflation.  Note  that  this  recommendation  is 
not  a  hard  and  fast  rule  and  should  not  be  followed  when  other 
circumstances  so  indicate. 
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B.  Inflation  During  Project  Life 

During  the  projected  life  of  the  proposed  investment  or  regulation,  changes 
in  the  general  level  of  prices  should  not  be  allowed  to  impact  the 
analysis*  Benefits  and  costs  are  real  quantities;  they  consist  of  the 
goods  and  services  provided  by  a  project  and  the  resources  consumed  in 
providing  them.  Dollars  enter  the  analysis  only  as  the  yardstick  of 
value.  To  allow  the  unit  of  measurement  to  vary  would  assign  different 
valuation  to  the  same  benefits  or  costs  depending  on  the  variation  in  the 
unit  of  measurement  over  the  project's  lifetime.  With  the  typical 
investment  or  regulation  during  times  of  increasing  prices,  large  costs 
occurring  early  in  the  project's  life  would  be  assigned  less  value  than 
benefits  stretching  out  over  the  years.  This  could  lead  to  projects  being 
undertaken  which  are  not  worthwhile  because  inflation  had  been  allowed  to 
Increase  benefit  values  relative  to  cost  values.  To  avoid  such 
distortions,  all  benefits  and  costs  associated  with  an  investment  or 
regulation  must  be  measured  in  the  constant  dollars  of  a  particular 
year — preferably  the  year  of  the  analysis  for  reasons  noted  in  section  IV-A 
of  this  chapter. 

There  is  an  Important  qualification  (not  exception)  to  the  general  rule  of 
expressing  all  quantities  in  the  constant  dollars  of  a  particular  year. 
Quantities  that  increase  or  decrease  in  value  more  or  less  than  the  general 
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price  level  should  have  their  values  adjusted  by  the  difference  between 
changes  in  their  value  and  the  general  price  level*  This  Bust  be  done  to 
reflect  that  their  real  values  in  comparison  with  other  goods  and  services 
have  changed  in  addition  to  any  changes  in  the  general  level  of  prices* 


Adjustment  for  real  price  changes  requires  that  the  difference  between 
forecast  general  price  level  changes  and  prices  of  the  items  in  question  be 
computed*  This  may  be  accomplished  by  taking  the  ratio  of  the  specific 
item  price  index  to  the  GNP  deflator.  The  resultant  index  will  show  how 
much  the  specific  item  is  forecast  to  Increase  or  decrease  in  price  once 
the  Impact  of  overall  price  level  changes  is  removed.  This  resultant  index 
may  then  be  multiplied  by  the  constant  dollar  estimate  of  the  item  in 
question  in  each  year  to  adjust  it  for  real  changes  in  value.  This 
procedure  is  demonstrated  by  equations  (7-1)  and  (7-2): 


SPIt 

RIt  *  GNPlt 


(7-1) 


XAt-  XDt(RIt) 


(7-2) 


Where:  SPIt“  specific  item  price  index  in  year  t, 

GNPIt-  implicit  GNP  deflator  in  year  t, 

RIt"  resultant  index  in  year  t 

X0t»  unadjusted  value,  and 

XAj."  value  adjusted  for  real  price  changes. 
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In  practice,  another  procedure  la  often  used.  If  a  particular  item  is 
known  to  be  changing  In  real  value  at  an  approximately  constant  rate,  its 
value  nay  be  projected  by  equation  (7-3): 


XAt-  XOt(l  +  f)K 


(7-3) 


Where:  m  “  the  nuaber  of  years  between  year  t  and  the  year  in  which  the 
constant  dollars  of  neasureuent  are  stated,  and 
f  "  the  annual  rate  of  real  growth. 


This  adjustment  can  be  combined  with  the  discounting  procedure  developed  In 
Chapter  5  and  defined  In  equation  (5~6).  Combination  is  possible  because 
two  ratios  are  being  applied  similarly  to  the  same  benefit  or  cost  figure. 
This  is  indicated  in  equation  (7-4): 


NFV 


k 
■  I 

t»o 


(B -C)' 
(It)* 


k 
♦  l 
t*o 


(7-4) 


Where:  Xt-  the  quantity  being  adjusted  expressed  in  constant  dollars  of 
the  year  of  initial  project  implementation,  and 

(B-C)  ■  all  benefits  and  costs  other  than  those  contained  in  Xt 


A  typical  situation  where  real  cost  changes  must  be  considered  arises  with 
respect  to  replacement  projects.  One  advantage  of  the  proposed  new  system 
over  the  old  often  is  that  it  replaces  an  old  technology  with  a  new  one. 

In  cases  where  the  real  cost  of  the  old  technology  is  projected  to  Increase 
with  time,  the  absolute  amount  of  the  new  system's  advantage  continually 
Increases.  While  it  is  proper  to  include  such  an  ever  Increasing  advantage 
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In  an  evaluation,  the  burden  of  establiahlng  an  appropriate  rate  of 
Increase  rests  squarely  on  the  shoulders  of  the  analyst.  Conclusions  which 
result  solely  from  assuming  large  real  cost  Increases  In  the  existing 
system  which  are  not  thoroughly  justified  are  not  convincing  and  are  easily 
contested . 
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The  requirement  to  conduct  economic  analyses  of  Investment  projects  and 
regulatory  actions  is  documented  In  the  following  Executive  Orders.  Office 
of  Management  and  Budget  (0MB)  Circulars,  DOT  Orders,  and  FAA  Orders* 


A.  INVESTMENT  PROJECTS 

1*  0MB  CIRCULAR  A-94  (Revised)  (March  27.  1972):  “Discount  Rates  to  be 
Used  in  Evaluating  Time-Distributed  Costs  and  Benefits” — Prescribes 
methodology  to  be  used  in  evaluating  time-distributed  benefits  and 
costs.  The  circular  requires  that  present  values  for  such  benefits 
and  costs  be  calculated  using  a  10  percent  discount  rate*  It  also 
establishes  policy  for  the  treatment  of  inflation  and  changes  in  real 
costs.  The  circular  applies  to  the  evaluation  of  U.S.  Government 
programs  and  projects;  it  does  not  apply  to  the  evaluation  of 
decisions  regarding  acquisition  of  commercial-type  services  by 
Government  or  contractor  operations  (guidance  for  which  is  provided  in 
(MB  Circular  A-76  (Revised)). 

2.  0MB  CIRCULAR  A-104  (June  14,  1972);  “Comparative  Cost  Analysis  for 
Decisions  to  Lease  or  Purchase  General  Purpose  Real  Property" — 
Prescribes  the  economic  basis  for  determining  whether  general  purpose 
real  property  to  be  acquired  for  government  programs  should  be  leased 
or  purchased.  It  applies  to  the  acquisition  of  general  purpose  real 
property  such  as  office  buildings,  warehouses,  and  associated  land  for 
which  estimated  land  and  construction  costs  or  market  value  is 
1500,000  or  more.  From  a  practical  point  of  view,  this  circular  will 
apply  to  very  few  FAA  lease  vs.  purchase  decisions.  Most  such  FAA 
decisions  are  under  1500,000. 
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3.  OMB  CIRCULAR  A-109  (April  3,  1976) :  “Major  System  Acquisitions"— 


Establishes  policies  to  be  followed  by  executive  agencies  in  the 
acquisition  of  major  systems.  These  include  a  well  defined  management 
process  with  clear  lines  of  authority,  responsibility,  and 
accountability  for  major  system  acquisitions.  Among  other  policies 
set  out  are  those  requiring  formulation  of  alternatives  to  achieve 
agency  objectives,  life  cycle  costing  techniques,  and  assessment  of 
anticipated  benefits. 

4.  ORDER  DOT  4200. 14A  (May  17,  1978):  "Major  Systems  Acquisition  Review 
and  Approval” — Prescribes  the  procedures  for  implementing  OMB 
Circular  A-109.  This  order  is  applicable  to  all  acquisitions  "that 
(1)  are  directed  at,  and  are  critical  to,  fulfilling  a  Departmental 
mission,  (2)  entail  the  allocation  of  relatively  large  resources,  and 
(3)  warrant  special  management  attention,  ...  or  which  have  a  total 
acqusltlon  cost  of  4150  million  or  more,  or  which  have  an  anticipated 
total  expenditure  of  423  million  or  more  in  research  and  development 
funds."  The  order  specifically  requires  that  benefit-cost  analysis, 
or  cost-effectiveness  analysis,  be  undertaken  for  each  acquisition 
subject  to  the  requirements  of  this  order.  The  order  further 
specifies  that  in  determining  the  costs  of  a  major  system,  life  cycle 
costing  methodology  shall  be  used. 
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5.  ORDER  DOT  4200.9A  (August  29,  1978):  "Acquisition  Review  and 
Approval” — Establishes  DOT  policy  and  procedures  for  Secretarial 
review  of  acquisitions  which  are  smaller  than  major  system 
acquisitions  and  not  subject  to  the  detailed  management  requirements 
of  Order  DOT  4200. 14A  and  0MB  Circular  A-109.  The  order  applies  to 
all  acquisitions  funded  by  DOT  which  meet  the  criterion  set  forth  in 
Order  DOT  4200. 14A,  paragraph  5(a),  (detailed  above)  except  for  the 
specified  dollar  levels.  Acquisitions  with  anticipated  costs  below 
those  specified  in  Order  DOT  4200. 14A  and  above  $20  million  or  with  a 
three  year  total  expenditure  on  research  and  development  of  more  than 
$5  million  are  subject  to  this  order.  Although  concerned  with  smaller 
projects,  this  order  requires  the  consideration  of  benefit-cost 
analysis  as  part  of  the  acquisition  process. 

6.  ORDER  FAA  1810. IB  (November  21,  1980):  "System  Acquisition  Manage¬ 
ment” — Establishes  policy  and  procedures  for  system  acquisition 
management  and  implements  Order  DOT  4200. 9A,  Acquisition  Review  and 
Approval  and  Order  DOT  4200. 14A,  Major  Systems  Acquisition  Review  and 
Approval.  This  order  specifically  requires  that  benefit-cost  analysis 
be  undertaken  for  every  acquisition  subject  to  Order  DOT  4200. 9A  and 
Order  DOT  4200.14A,  as  well  as  other  programs  designated  by  the 
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Administrator 


B.  REGULATORY  ACTIONS 


1.  REGULATORY  FLEXIBILITY  ACT  OF  1980 — Requires  agencies  to  publish  an 
Initial  Regulatory  Flexibility  Analysis,  or  summary  of  it,  in  the 
Federal  Register  for  any  regulatory  action  requiring  a  Notice  of 
Proposed  Rulenaking  at  the  tlae  the  notice  ia  published.  The  Act 
further  requires  that  agencies  publish  a  Final  Regulatory  Flexibility 
Analysis  at  the  time  the  final  rule  is  published.  These  requirements 
can  be  avoided  in  those  situations  where  the  head  of  the  agency 
"certifies  that  the  rule  will  not,  if  promulgated,  have  [1]  a 
significant  economic  impact  on  [2]  a  substantial  number  of  [3]  small 
entitles,"  where  small  entitles  are  defined  as  small  businesses,  small 
organizations,  and  small  government  jurisdictions.  The  act  also 
requires  agencies  to  review  within  a  one  year  period  regulations  In 
effect  on  January  1,  1981  which  have  a  significant  economic  Impact  on 
a  substantial  number  of  small  entitles. 


2.  EXECUTIVE  ORDER  12291  (February  17,  1981) :  "Federal  Regulation"— 
Requires  agencies  when  reviewing  existing  regulations,  promulgating 
new  regulations,  and  developing  legislative  proposals  concerning 
regulations  to  base  their  actions  on  adequate  information  concerning 
the  need  for  and  consequences  of  proposed  government  action  and  to 
undertake  or  sustain  only  those  regulations  for  which  the  potential 
benefits  to  society  exceed  the  potential  costs  to  society.  Moreover, 
the  order  Indicates  that  agencies  shall  take  regulatory  actions  and 
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set  regulatory  policies  so  as  to  maximize  the  aggregrate  net  benefits 
to  society.  The  order  further  prescribes  that  each  agency  shall 
prepare  a  Regulatory  Impact  Analysis  (RIA)  In  connection  with  every 
major  rule,  where  major  rule  is  defined  as  any  regulation  that  is 
likely  to  result  in:  (1)  an  annual  effect  on  the  economy  of 
$100  million  or  more,  (2)  a  major  increase  in  costs  or  prices  of  goods 
and  services,  or  (3)  significant  adverse  effects  on  competition, 
employment,  investment,  productivity,  innovation,  or  on  the  ability  of 
United  States-based  enterprises  to  compete  with  foreign-based 
enterprises  in  domestic  or  export  markets.  Such  analysis  is  required 
to  be  based  upon  the  benefits  and  costs  of  the  proposed  rule.  It  may 
be  combined  with  any  Regulatory  Flexibility  Analysis  required  by  the 
Regulatory  Flexibility  Act. 

OMB  INTERIM  REGULATORY  IMPACT  ANALYSIS  GUIDANCE:  (June  12,  1981)— 
Provides  guidance  for  conducting  the  Regulatory  Impact  Analysis 
required  by  Executive  Order  12291.  It  indicates  that  to  meet  the 
requirements  of  the  Executive  Order,  an  RIA  must  show  that:  "(1)  there 
is  adequate  Information  concerning  the  need  for  and  consequences  of 
the  proposed  actions,  (2)  the  potential  benefits  to  society  outweigh 
the  potential  costs,  and  (3)  of  all  the  alternative  approaches  to  the 
given  regulatory  objective,  the  proposed  action  will  maximize  net 
benefits  to  society."  It  further  indicates  that  to  be  judged 
satisfactory,  an  RIA  should  enable  independent  reviewers  to  determine 


that  the  objectives  of  Executive  Order  12291  have  been  satisfied* 
RIA's  should  contain  five  parts:  (1)  a  statement  of  the  need  for  and 
consequences  of  the  proposed  regulation,  (2)  an  examination  of  the 
aost  important  alternative  approaches  to  the  problea;  (3)  an  analysis 
of  benefits  and  costs;  (4)  a  rationale  for  choosing  the  proposed 
regulatory  action;  and  (S)  a  stateaent  that  the  proposed  regulatory 
action  is  within  the  agency's  statutory  authority* 

ORDER  DOT  2100*5  (May  22,  1980):  "Policies  and  Procedures  for 
Simplification,  Analysis,  and  Review  of  Regulations"— Establishes 
requirements  that  a  regulatory  analysis  be  conducted  for  essentially 
all  regulations  for  which  Executive  Order  12291  requires  a  Regulatory 
Inpact  Analysis  and  that  a  regulatory  evaluation  be  conducted  for  all 
other  regulations.  It  defines  a  regulatory  analysis  as  containing 
"(1)  a  succinct  stateaent  of  the  problea  and  issues  that  make  the 
regulation  significant;  (2)  a  description  of  the  major  alternative 
ways  of  dealing  with  the  problea  that  were  considered  by  the 
initiating  office;  (3)  an  analysis  of  the  economic  and  any  other 
relevant  consequences  of  each  of  these  alternatives;  and  (4)  a 
detailed  explanation  of  the  reason  for  choosing  one  alternative  over 
the  others*"  A  regulatory  evaluation  "includes  an  analysis  of  the 
econoalc  consequences  of  the  proposed  regulation  quantifying  to  the 
extent  practicable,  its  estimated  cost  to  the  private  sector, 
consumers,  Federal,  state  and  local  governments,  as  well  as  its 
anticipated  benefits  and  impacts*" 
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AgMMPIX  » 

STAHPAEPIZEP  VALUES  FOE  USE  IK 
EVALUATING  FAA  INVESTMENTS  AMD  ttCULATOKT  ACTIONS 
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Table  B-l  of  this  appendix  summarizes  values  for  use  In  valuing  the 
benefits  of  proposed  FAA  investment  projects  and  regulatory  actions.  These 
values  are  developed  in  detail  In  Ward  L.  Keech,  Economic  Values  for 


Evaluation  of  Federal  Aviation  Administration  Investment  and  Regulatory 
Programs,  Report  No.  FAA-APO-81-3,  Office  of  Aviation  Policy  and  Plans, 
Federal  Aviation  Administration,  September  1981.  They  are  intended  to 
represent  minimum  estimates  of  the  dollar  amounts  which  society  as  a 
whole — that  is,  all  parties  whether  public  or  private— would  be  willing  to 
sacrifice  for  each  of  the  specified  items.  For  example,  the  values  in  the 
table  indicate  that  society  as  a  whole  would  be  willing  to  pay  at  least 
$530,000  to  save  a  statistical  life  and  $81  to  save  an  hour  of  general 
aviation  aircraft  operating  time.  Incorporation  of  these  values  into 
benefit  estimation  is  explained  in  Chapter  3. 

TABLE  1-1 

STANDARDIZED  VALUES  FOR  USE  IN  EVALUATING 
FAA  INVESTMENTS  AND  REGULATORY  ACTIONS 

(1980  Dollars) 


Item  Value 

Value  of  Time  of  Air  Travelers  Per  Hour  I  1?. 50 

Value  of  a  Statistical  Life  $530,000 

Unit  Cost  of  Statistical  Aviation  Injuries: 

Serious  Injury  $  38,000 

Minor  Injury  $  15,000 
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Unit  Replacement /Restoration  Cost  of 

Damaged  Aircraft  (Replacement  or 

Replacement 

Coat 

Restoration 

Cost 

Destroyed/Restoration  or  Substantial 

Damage) : 

Air  Carrier: 

-  Turbofan,  4  Engine,  Wide  Body 

120,500,000 

*6,800,000 

-  Turbojet,  4  Engine 

1  1,600,000 

* 

530,000 

-  Turbofan,  4  Engine,  Regular  Body 

*  4,000,000 

*1. 

300,000 

-  Turbofan,  3  Engine,  Wide  Body 

*20, 500,000 

*6,700,000 

-  Turbofan,  3  Engine,  Regular  Body 

*  4,000,000 

*1. 

300,000 

~  Turbofan,  2  Engine,  Wide  Body 

*20,000,000 

*6,700,000 

-  Turbofan,  2  Engine,  Regular  Body 

*  5,100,000 

*1, 

700,000 

*  Turboprop,  2  Engine 

*  1,300,000 

* 

430,000 

-  Piston,  2  Engine 

*  300,000 

* 

100,000 

-  Weighted  Average 

*  6,200,000 

*2,100,000 

General  Aviation: 

-  General  Aviation  including  Air  Taxi 
other  than  Air  Commuter 

*  58,000 

* 

19,000 

-  General  Aviation  excluding  Air  Taxi 

*  56,000 

* 

19,000 

-  Air  Taxi 

*  137,000 

* 

46,000 

-  Air  Taxi  other  than  Air  Commuter 

*  120,000 

* 

40,000 

-  Air  Commuter 

*  213,000 

* 

71,000 

-  Weighted  Average,  representing  General 

Aviation  in  the  conventional  sense 

(Including  Air  Taxi  and  Air  Commuter)  1  59,000 

* 

20,000 

Military: 

-  Fixed-Wing 

*  2,200,000 

* 

730,000 

-  Rotary -Wing 

*  410,000 

* 

140,000 

-  Weighted  Average 

*  1,400,000 

* 

470,000 
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# 


Aircraft  Variable  Operating  Costs: 


Per  Block  Hr.  Per  Airborne  Hr 


Air  Carrier: 

-  Turbofan,  4  Engine,  Vide  Body 

-  Turbojet,  4  Engine 

-  Turbofan,  4  Engine,  Regular  Body 

-  Turbofan,  3  Engine,  Wide  Body 

-  Turbofan,  3  Engine,  Regular  Body 

-  Turbofan,  2  Engine,  Vide  Body 

-  Turbofan,  2  Engine,  Regular  Body 

-  Turboprop,  2  Engine 

-  Piston,  2  Engine 

-  Weighted  Average 


General  Aviation: 

-  General  Aviation  including  Air  Taxi 
other  than  Air  Coonuter 

-  General  Aviation  excluding  Air  Taxi 

-  Air  Taxi 

-  Air  Taxi  other  than  Air  Commuter 

-  Air  Commuter 

-  Weighted  Average,  representing  General 
Aviation  in  the  conventional  sense 
(including  Air  Taxi  and  Air  Commuter) 

Military: 

-  Turbojet/fan,  Multi-engine 

-  Turbojet /fan.  Twin-engine 

-  Turbojet /fan.  Single-engine 

-  Turboprop 

-  Piston 

-  Rotary-Wing 

-  Weighted  Average 


4,327 

2,483 

2,295 

2,897 

1,641 

2,155 

1,219 


1,871 


4,767 

2,880 

2,643 

3,341 

1,964 

2,655 

1,508 


2,229 


2,339 

1,319 
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APPENDIX  C 


PRESENT  VALUE  TABLES 


TABLE  C-l 


PRESENT  VALUE  OF  *1  FLOWING  AT  THE  END 
OF  THE  PERIOD 

(Discrete  Compounding) 


Annual  Effective  DlscounTwITr 


Period  2% 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 


.9804 
.9612 
.9423 
.9238 
•  9057 
.8880 
.8706 
.8535 
.8368 
.8203 
.8043 
.7885 
.  7730 
.7579 
.7430 
.7284 
.7142 
.7002 
.6864 
.6730 
.6598 
.6468 
.6342 
.6217 
.6095 
.5976 
.5859 
.5744 
.5631 
.5521 


.9524 

•  9070 
.8638 

•  8227 
.7835 
.7462 
.7107 
.6768 

•  6446 
.6139 
.5847 

•  5568 
.5303 
.5051 
.4810 
.4581 
.4363 
.4155 
.3957 
.3769 
.3589 

•  3418 
.3256 

•  3101 

•  2953 

•  2812 
•  2678 

■  2551 
.2429 

■  2314 


.9259 
.8573 
.  7938 
.  7350 
.6806 
.6302 
.5835 
.5403 
.5002 
.4632 
.4289 
.3971 
.3677 
.3405 
.3152 
.2919 
.2703 
.2502 
.2317 
.2 145 

•  1987 

•  1839 

•  1703 

•  1577 
.1460 

•  1352 

•  1252 
.1159 

•  1073 
.0994 


10X5/ 

.”9091 
.8264 
.7513 
.6830 
.  6209 
.  5645 
.5132 
.4665 
.  4241 
.3855 
.3505 
.3186 
.2897 
.2633 
.2394 
.2176 
.1978 
.1799 
•  1635 
.1486 
.1351 
.1228 
.1117 
.1015 
.0923 
.0893 
.0763 
.0693 
.0630 
.0573 


.  8929 
.  7972 
.7118 
.6355 
.5674 
.5066 
.4523 
.4039 
.3606 
.3220 
.2875 
.2567 
.2292 
.2046 
.1827 
.1631 
.1456 
•  1300 
.1161 
.1037 
.0926 
.0826 
.0738 
.0659 
.0588 
.0525 
.0469 
.0419 
•  0374 
.0334 


.8696 
.  7561 
.6575 
.5718 
.4972 
.4323 
.3759 
.3269 
.2843 
.2472 
.2149 
.1869 
.1625 
.1413 
.1229 
.1069 
.0929 
.0808 
.0703 
•  0611 
.0531 
■  0462 
.0402 
.0349 
.0304 
.0264 
.0230 
.0200 
.0174 
.0151 


.8333 
.6944 
.5787 
.4823 
.4019 
.3349 
.2791 
.  2326 
.1938 
.1615 
.1346 
.1122 
.0935 
.0779 
.0649 
.0541 
.0451 
.0376 
.0313 
•  0261 
.0217 
.0181 
.0151 
.0126 
.0105 
.0087 
.0073 
.0061 
.0051 
.0042 


~  Dl8Count  Prescribed  by  OMB  Circular  A-94. 
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TABLE  C-2 


VA1*U£ 


om.  m  su™  “p^orPORMLY 


(Continuous  Compounding) 


Period 


ISteSjSsr 


1. 

2. 

3. 

4. 

5. 

6. 
7, 
6. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 


.9902 
.9707 
.9518 
.9331 
.9148 
.8968 
.8792 
.8620 
.8451 
.8285 
.8123 
.7964 
.7807 
.7654 
.7504 
.7357 
.7213 
.7071 
.6933 
.6797 
.6664 
.6533 
.6405 
.6279 
.6156 
.6035 
.5917 
.5801 
.5687 
.5676 


.976 

.9295 

.8853 

.8431 

.8030 

.7647 

.7283 

.6936 

.6606 

.6291 

.5992 

.5706 

.5435 

.5176 

.4929 

.4695 

.4471 

.4258 

.4055 

.3862 

.3678 

.3503 

.3336 

.3178 

.3026 

.2882 

.2745 

.2614 

.2490 

.2409 


.9625 
.8912 
.8252 
.7641 
.7075 
.6551 
.6065 
.5616 
.5200 
.4815 
.4458 
.4128 
.3822 
.3539 
.3277 
.3034 
.2809 
.2601 
.2409 
.2230 
.2065 
.1912 
.1770 
.1639 
.1518 
.1405 
.1301 
.1205 
.1116 
.1033 


.9538 
.8671 
.7883 
.7166 
.6516 
.5922 
..5384 
.4895 
.4450 
.4045 
.3677 
.3343 
.3039 
.2763 
.2512 
.2283 
.2076 
.1887 
.1716 
.1560 
.1418 
.1289 
.1172 
.1065 
.0968 
.0880 
.0600 
.0728 
.0661 
.0601 


.9454 
.8441 
.7537 
.6729 
.6008 
.5365 
.4790 
.4277 
.3818 
.3409 
.3044 
.2718 
.2427 
.2167 
.1935 
.1727 
.1542 
.1377 
.1229 
.1098 
.0980 
.0875 
.0781 
.0698 
.0623 
.0556 
.0497 
.0443 
.0396 
.0353 


.9333' 
.8115 
.7057 
.6136 
.5336 
.4640 
.4035 
.3508 
.3051 
.2653 
.2307 
.2006 
.1744 
.1517 
.1319 
.1147 
.0997 
.0867 
.0754 
.0656 
.0570 
.0496 
.0431 
.0375 
.0326 
.0284 
.0247 
.0214 
.0184 
.0162 


9141 
•  7618 
.6348 
.5290 
.4408 
.3674 
.3061 
.2551 
.2126 
.1772 
.1476 
.1230 
.1025 
.0854 
.0712 
.0593 
.0494 
.0412 
.0343 
.0286 
.0238 
.0199 
.0166 
.0138 
.0115 
.0096 
.0080 
.0067 
.0055 
0046 


./  late  pr..„lb.d  ly  0M>  ^  ^ 


C-3 


TABLE  C-3 


PRESENT  VALUE  OF  A  UNIFORM  SERIES  OF 
<1  PAYMENTS  FLOWING  AT  THE  END  OF  EACH  PERIOD 


(Discrete  Compounding) 


Period 

2% 

5% 

Annual  Effective  Discount  Rate 

8 X  10 *«/  122 

152 

202 

1. 

.980 

.952 

.926 

.909 

.893 

.870 

.833 

2. 

1.942 

1.859 

1.783 

1.736 

1.690 

1.626 

1.528 

3. 

2.844 

2.723 

2.577 

2.487 

2.402 

2.283 

2.106 

4. 

3.808 

3.546 

3.312 

3.170 

3.037 

2.855 

2.  589 

5. 

4.713 

4.329 

3.993 

3.791 

3.605 

3.352 

2.991 

6. 

5.601 

5.076 

4.623 

4.355 

4.111 

3.784 

3.326 

7. 

6.472 

5.  786 

5.206 

4.868 

4.564 

4.160 

3.605 

8. 

7.325 

6.463 

5.747 

5.335 

4.968 

4.487 

3.837 

9. 

8.162 

7.108 

6.247 

5.759 

5. 328 

4.772 

4.031 

10. 

8. 983 

7.722 

6.710 

6.144 

5.650 

5.019 

4.192 

11. 

9. 787 

8.306 

7.139 

6.495 

5.938 

5.234 

4.327 

12. 

10.  575 

8.863 

7.536 

6.814 

6.194 

5.421 

4.439 

13. 

11.348 

9.394 

7.904 

7.103 

6.424 

5.583 

4.533 

14. 

12.106 

9.899 

8.244 

7.367 

6.628 

5.724 

4.611 

15. 

12.849 

10.380 

8.559 

7. 606 

6.811 

5. 847 

4.675 

16. 

13.578 

10.838 

8.851 

7.824 

6.974 

5.954 

4.  730 

17. 

14.292 

11.274 

9.122 

8.022 

7.120 

6.047 

4.775 

18. 

14.992 

11.690 

9.372 

8.201 

7.250 

6.128 

4.812 

19. 

15.678 

12.085 

9.604 

8.365 

7.366 

6.198 

4.844 

20. 

16.351 

12.462 

9.818 

8.514 

7.469 

6.259 

4.870 

21. 

17.011 

12.821 

10.017 

8.649 

7.562 

6.312 

4.891 

22. 

17.658 

13.163 

10.201 

8.772 

7. 645 

6.359 

4.909 

23. 

18.292 

13.489 

10.371 

8. 883 

7.718 

6.399 

4.925 

24. 

18.914 

13.799 

10.529 

8.  985 

7.784 

6.434 

4.937 

25. 

19.523 

14.094 

10.675 

9.077 

7.843 

6.464 

4.948 

26. 

20.121 

14.375 

10.810 

9.161 

7.896 

6.491 

4.956 

27. 

20. 707 

14.643 

10.935 

9.237 

7.943 

6.514 

4.964 

28. 

21.281 

14.898 

11.051 

9.307 

7.984 

6.534 

4.970 

29. 

21.844 

15.141 

11.158 

9.370 

8.022 

6. 551 

4.975 

30. 

22.396 

15.372 

11.258 

9.427 

8.055 

6. 566 

4.979 

a/  Discount  rets  prescribed  by  OMB  Clrculer  A-94 


TABLE  C-4 


PRESENT  VALUE  OF  A  UNIFORM  SERIES  OF 
il  PAYMENTS  FLOWING  UNIFORMLY  THROUGHOUT  EACH  PERIOD 

(Continuous  Compounding) 


Period 

2% 

52 

Annual  Effective  Discount  Rate 

82  102®/  122 

15% 

20% 

1. 

.990 

.976 

.962 

.954 

.945 

.934 

.914 

2. 

1.961 

1.906 

1.854 

1.821 

1.790 

1.745 

1.676 

3. 

2.913 

2.791 

2.679 

2.609 

2.543 

2.450 

2.311 

A. 

3.846 

3.634 

3.443 

3.326 

3.216 

3.064 

2.840 

5. 

4.760 

4.437 

4.150 

3.977 

3.817 

3.598 

3.281 

6. 

5.657 

5.202 

4.805 

4.570 

4.353 

4.062 

3.648 

7. 

6.536 

5.930 

5.412 

5.108 

4.832 

4.465 

3.954 

8. 

7.398 

6.623 

5.974 

5.597 

5.260 

4.816 

4.209 

9. 

8.244 

7.284 

6.494 

6.042 

5.642 

5.121 

4.422 

10. 

9.072 

7.913 

6.975 

6.447 

5.983 

5.386 

4.599 

11. 

9.884 

8.512 

7.421 

6.815 

6.287 

5.617 

4.747 

12. 

10.681 

9.083 

7.834 

7.149 

6.559 

5.818 

4.870 

13. 

11.461 

9.627 

8.216 

7.453 

6.802 

5.992 

4.972 

1A. 

12.227 

10.144 

8.570 

7.729 

7.018 

6.144 

5.058 

15. 

12.977 

10.637 

8.897 

7.980 

7.212 

6.276 

5.129 

16. 

13.713 

11.107 

9.201 

8.209 

7.385 

6.390 

5.188 

17. 

14.434 

11.554 

9.482 

8.416 

7.539 

6.490 

5.238 

18. 

15.141 

11.979 

9.742 

8.605 

7.676 

6.577 

5.279 

19. 

15.835 

12.385 

9.983 

8.777 

7.779 

6.652 

5.313 

20. 

16.514 

12.771 

10.206 

8.932 

7.909 

6.718 

5.342 

21. 

17.181 

13.139 

10.412 

9.074 

8.007 

6.775 

5.366 

22. 

17.834 

13.489 

10.604 

9.203 

8.095 

6.824 

5.385 

23. 

18.475 

13.823 

10.781 

9.320 

8.173 

6.868 

5.402 

24. 

19.102 

14.141 

10.945 

9.427 

8.243 

6.905 

5.416 

25. 

19.718 

14.443 

11.096 

9.524 

8.305 

6.938 

5.427 

26. 

20.322 

14.732 

11.237 

9.612 

8.360 

6.966 

5.437 

27. 

20.913 

15.006 

11.367 

9.692 

8.410 

6.991 

5.445 

28. 

21.493 

15.268 

11.487 

9.765 

8.454 

7.012 

5.452 

29. 

22.062 

15.517 

11.599 

9.831 

8.494 

7.031 

5.457 

30. 

22.620 

15.754 

11.702 

9.891 

8.529 

7.047 

5.462 

a/  Discount  rate  prescribed  by  OMB  Circular  A-94. 
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